I  at  the  Marine  Corps  Air  Ground 

*  Combat  Center,  Twentynine  Palms, 

{  California 


II 
I 
I 
I 
I 
I 
I 
I 
£ 
£ 
£ 
it 


5 

CD 

< 

i 

D 

< 


by 

A.  M.  Katzanstain 
and 

j.A.Whatan 

Public  Works  Department 


SEPTEMBER  1987 


NAVAL  WEAPONS  CENTER 
CHINA  LAKE,  CA  93555-6001 


SEt-t 
BSCt 

} 


dirtributrofi  n  unHmrtad. 


87  12  9  2  58 


nm  ‘•'T^T'Hfru  n  nr  TiTipn~ffnnwiiliii| il.J. 


A*.’ 


Naval  Weapons  Center 


FOREWORD 

This  report  documents  studies  conducted  from  1978  to  1984  on  the  potential  for 
geothermal  resources  at  the  Marine  Corps  Air  Qround  Combat  Center  (MCAGCC), 
Twsntynine  Palms,  Calif.  The  studies,  which  were  funded  by  the  Naval  Civil  Engineering 
Laboratory,  Port  Hueneme,  Calif,  were  performed  by- the  Naval  Weapons  Center  CTWC), 
China  Lake,  Calif.  NWC  is  the  lead  Navy  activity  conducting  research  to  determine 
geothermal  energy  potential  at  Naval  and  Marine  Corps  installations  and  to  assess  the 
viability  of  geothermal  energy  es  an  energy  resource. 

Extensive  geological,  geophysical,  and  geochemical  investigations  were  made  at  select 
locations  at  MCAGCC,  Twsntynine  Palms,  end  temperature  measurements  were  taken  from 
seven  thermal-gradient  holes.  Although  the  existence  of  a  high-temperature  resource  on 
MCAGCC -con trolled  lands  cannot  be  precluded,  results  of  studies  indicate  that  a  low- 
temperature  resource  exists  in  the  vicinity  of  the  Main  Camp/Administration  Area  on  the 
southern  border  of  MCAGCC;  further  work  is  recommended  to  determine  the  origin,  extent, 
and  depth  of  the  low-temperature  resource  at  this  sits.  Further  work  is  also  recommended  at 
La  vie  Lake  on  the  north  ranges,  where  s  separate  geothermal  resource  of  unknown  extent 
and  temperature  is  suspected. 

This  report  was  reviewed  for  technical  accuracy  by  Carl  F.  Austin  and  Steven  C. 
Bjorastad. 

Approved  by 
K.  C.  KELLEY 
Capt.CEC.USN 
Public  Works  Officer 
17  September  1987 

Released  for  publication  by 
Q.  R.  SCHIEFER 
Technical  Dirsctor 

NWC  Technical  Publication  6747 


Published  by .  Technical  Information  Department 

Celia  lion .  Cover,  58  loaves 

First  printing . 145  copies 


Under  authority  of 
J.  A.  BURT 
Capt,  USN 
Commander 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  ( When  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 


U.  REPORT  S6CUMTY  CLASSIFICATION 

UNCLASSIFIED 


1b.  RESTRICTIVE  MARKINGS 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  OECLASSIFICATION/OOWNGRAOING  SCHEDULE 


3  DISTRlBU  TlON/AVAILABillTY  OF  REPORT 

A  Statement;  public  release;  distribution  unlimited. 


4.  PERFORMING  ORGANIZATION  REPORT  NUM8£ft<S) 

NWC  TP  6747 


S.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a.  NAME  OF  PERFORMING  ORGANIZATION 

Naval  Weapons  Center 


6b  OFFICE  SYMBOL 
(If  Applicable) 


/a  NAME  OF  MONITORING  ORGANIZATION 


6c  ADORESS  {Cuy,  Slam,  and  ZIP  Cod*) 

China  Lake,  CA  93555-6001 


7b.  ADORFSS  (City.  Stale,  and  ZIP  Code) 


8a  NAME  OF  F'JNDING/SPONSQKING  ORGANIZATION 

Naval  Civil  Engineering  Laboratory 


8b  OFFICE  SYMBOL 
(If  Applicable) 


9  PHOCUHcMENT  INSIRUMENT  lOENl  IHCAUON  NUMBER 


8c.  ADORESS  (Cdy,  Slat*,  and  ZIP  Cod*) 

Port  Hueneme,  CA  93042 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
element  no 

63724N 


PROJECT 

TASK 

WORK  UNIT 

NO 

NO 

NO 

R0829 

528 

J ).  TITLE  Mnclud*  Security  Clarification) 


PRELIMINARY  GEOTHERMAL  EXPLORATION  AT  THE  MARINE  CORPS  AIR  GROUND 
COMBAT  CENTER,  TWENTYNINE  PALMS,  CALIFORNIA 


12  PtRSONAL  AUThOR(S) 


Katzenstein,  A.  M.,  and  Whelan,  J.  A. 


13a  TYPE  OF  REPORT 

t3b.  TIME  COVERED 

14  Date  of  REPORT  (Year,  Month.  Day) 

15  PAGE  COUNT 

Preliminary 

From  Dec  78  To  Jan  84 

1 

1987,  September 

110 

16  SUPPLEMENTARY  NOTATION 


1 7.  COSATI  CODES  j 

18  SUBJECT  TERMS  (Continue  on  r*v<r*« -  ud*  tf  n*c*s*ary  and  uUntify  by  block  number) 

FIELD 

|  GROUP  1 

SUB-GROUP 

Aeromagnetics,  Aquifer,  Geochemistry,  Geology,  Geophysics, 
Geothermal  Resource,  Gravity,  Ground  Magnetics,  Lithology  Log, 

QS 

■ 

mw* . in 

Observation  Hole,  Thermal  Gradient 

T9  ABSTRACT  (Cort/mu*  on  rtvir **  ud*  if  mtctttary  and  id*niify  by  blue*  number  I 


(U)  This  report  discusses  the  geological,  geophysical,  and  geochemical  investigations  performed  at  the  Marine 
Corps  Air  Ground  Combat  Center  (MCAGCC),  Twentynine  Palms,  near  the  town  of  Twentynine  Palms,  Calif,  to 
determine  the  existence  and  extent  of  geothermal  resources  on  MCAGCC-controIled  land.  This  effort  was  under¬ 
taken  in  the  interest  of  finding  alternative  methods  of  providing  energy  for  a  rapidlv  growing  military 
community.  Exploratory  thermal-gradient  holes  revealed  a  low-temperature  resource  in  the  Main 
Camp/Administration  Area  on  the  southern  border  of  MCAGCC.  Further  exploration  is  recommended  to  assess  the 
origin,  extent,  and  depth  of  this  resource  and  to  determine  the  existence  of  ano*her,  suspected  geothermal  resource  site 
at  Lavic  Lake,  on  the  north  ranges  of  MCAGCC,  Twentynine  Palms. 


20  OlSTRlBUTlON/AV  AIL  ABILITY  OF  ABSTRACT 

□  UNCLASSIFIED/UNLIMITED  □SAMEASRPT.  nDTIC  USERS 

21.  ABSTRACT  SECURITY  CLASSIFICATION 

Unclassified 

22a  NAME  OF  B€  SPONSIBLE  INDIVIDUAL  j 

Allan  M.  Katzenstein  j 

|  22b.  TELEPHONE  {Include  Area  Cod*) 

(6191-939-3411  X471 

22c.  OFFICE  SYMSOl 

Code  2606 

00  FORM  1473, 84  mar 


83  APR  edition  may  be  used  until  exhausted 
All  other  editions  are  obsolete 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 

UNCLASSIFIED 


UNCLASSIFIED  _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


A 

N'WC  TP  6747 


CONTENTS 

Introduction .  5 

Previously  Published  Work .  5 

The  Navy’s  Geothermal  Exploration  Effort .  8 

Geography .  9 

Location  .  . .  9 

Regional  Setting .  9 

Geology .  12 

The  West  Bullion  Mountains .  14 

Pisgah  Crater .  14 

Sunshine  Peak  Lava  Flow  and  Craters .  14 

Sunshine  Peak .  14 

Lava  Bed  Mountains .  15 

Amboy  Crater .  15 

Rocks  in  the  Vicinity  of  Emerson  (Dry)  Lake .  16 

Regional  Geophysical  Studies-Aeromagnetics  16 

Twentynine  Palms  Area  17 

Hydrology  17 

Well  Temperatures .  20 

Geothermometers  23 

Water  Geochemistry .  27 

Site-Specific  Studies:  Main  Camp/ Administration  Area .  30 

Gravity .  30 

Ground  Magnetics .  32 

Field  Studies:  Thermal-Gradient  Drilling .  32 

Site  Selection .  34 

Hole-by-Hole  Drilling .  34 

Discussion .  45 

Site-Specific  Studies:  Lavic  Lake .  45 

Hydrology .  45 

Well  Temperatures  and  Chemical  Geothermometers .  47 

Geophysical  Studies .  47 

Discussion .  51 

Conclusions  and  Recommendations .  51 

Main  Camp/ Administration  Area .  51 

Lavic  Lake .  52 


1 


NWC  TP  6747 


Appendixes: 

A.  Twentynine  Palms  Geothermometry  1917  to  1983  53 

B.  Principal  Gravity  and  Magnetic  Data,  Main  Camp/ 

Administration  Area .  69 

C.  Principal  Gravity  and  Magnetic  Data,  Lavic  Lake .  97 

References . 105 

Figures: 

1 .  Location  Map  of  the  Marine  Corps  Air  Ground  Combat  Center 

(MCAGCC),  Twentynine  Palms,  Calif .  6 

2.  Mapof MCA GCC-Controlled  Lands .  7 

3.  Mojave  Desert  Province . 11 

4.  Some  Known  and  Inferred  Cenozoic  Faults  of  the  Mojave  Desert .  13 

5.  Location  of  Area,  Geology,  Basins,  and  Subbasins 

Studied  Near  Twentynine  Palms .  19 

6.  Water-Table  Contours,  Autumn  1975  .  21 

7.  Maximum  Measured  Temperatures  in  Wells  Around 

Twentynine  Palms .  22 

8.  Quartz-Conductive-Cooling  Geothermometer  Results .  24 

9.  Sodium-Potassium-Calcium  (Na-K-Ca)  Geothermometer  Results .  26 

10.  Typical  Stiff  Diagrams  Indicating  Water  Quality 

From  the  Twentynine  Palms  Area  .  28 

11.  Complete  Bouguer  Gravity  Map  of  the  Main 

Camp/Administration  Area .  31 

12.  Total  Intensity  Ground-Magnetic  Map  of  the  Main 

Camp/Administration  Area .  33 

13.  Location  of  Environmentally  Cleared  Drill  Sites 

at  MCAGCC,  Twentynine  Palms .  37 

14.  Thermal-Gradient  Hole  No.  1-Lithologic  Log 

and  Temperature-Depth  Profile .  38 

15.  Thermal-Gradient  Hole  No.  2-Lithologic  Log 

and  Temperature-Depth  Profile .  39 

16.  Thermal-Gradient  Hole  No.  3-Lithologic  Log 

and  Temperature-Depth  Profile .  40 

17.  Thermal-Gradient  Hole  No.  4-Lithologic  Log 

and  Temperature-Depth  Profile .  41 

18.  Thermal-Gradient  Hole  No.  5-Lithologic  Log 

and  Temperature- Depth  Profile .  42 

19.  Thermal-Gradient  Hole  No.  6-Lithologic  Log 

and  Temperature- Depth  Profile .  43 

20.  Thermal-Gradient  Hole  No.  7-Lithologic  Log 

and  Temperature- Depth  Profile .  44 

21.  Location  of  Well  6N/6E-4G1  Near  Lavic  Lake .  46 

22.  Complete  Bouguer  Gravity  Mapof  the  Lavic  Lake  Area .  49 

23.  Total  Intensity  Ground-Magnetic  Map 

of  the  Lavic  Lake  Area .  50 

Plate  1  Aeromagnetic  Survey,  Marine  Corps  Air  Ground 

Combat  Center,  Twentynine  Palms,  Calif . Inside  Back  Cover 


2 


NWC  TP  6747 


ACKNOWLEDGMENT 


The  authors  express  their  appreciation  to  Ralph  Brown  a».d  S.  Sgt.  William  Flummerfelt 
of  the  stafT  of  the  Installations  Division,  Marine  Corps  Air  Ground  Combat  Center 
(MCAGCC),  Twentynine  Palms,  Calif.  The  untiring  efforts  of  these  two  gentlemen  allowed 
the  project  to  progress  as  far  as  it  did.  Also,  we  would  like  to  thank  the  unnamed  Marines  who 
made  our  field  work  on  MCAGCC  as  pleasant  as  possible. 

Special  thanks  go  to  Dennis  Trexler  and  Thomas  Flynn  of  the  University  of  Nevada,  Las 
Vegas,  for  the  excellent  work  and  patience  they  showed  on  the  drilling  phase  of  the  project. 
Thanks  go  also  to  John  Crawford  of  the  Department  of  Energy  for  setting  up  the  MCAGCC 
drilling  program. 

Last,  but  not  least,  thanks  go  to  the  field  crews:  Jack  Neffew,  Kathy  Danti,  Ted  Mort, 
Terry  AtienzaMoore,  Becky  Cowan,  and  Jeff  Rocjuemore.  Without  their  assistance  and 
comradery,  this  project  would  never  have  been  so  enjoyable. 


Accession  For 

NTIS  GRAAI 

& 

DTIC  TAtt 

Unannounced 

□ 

Justification — 

By 

Distribution/ 


Availability  Codas 
Avail  and/or 
Special 


3 


N'WC  TP  S747 


INTRODUCTION 


The  Main  Camp/ Administration  Area  for  the  Marine  Corps  Air  Ground  Combat  Center 
(MCAGCC),  Twentynine  Palms  is  located  approximately  6  miles  north  of  the  town  of 
Twentynine  Palms,  Calif.  (Figure  I).  The  Center  encompasses  approximately  1000  square 
miles  and  has  the  largest  land  holdings  of  any  Marine  Corps  installation  in  the  world  (Figure 
2).  As  of  1985  the  Center  had  a  working  population  of  9000  Marines  and  1000  civilians,  but 
the  total  Marine  presence  in  the  area,  including  Marine  families,  is  approximately  15,000 
Another  2100  Marines  will  be  incorporated  into  the  Center’s  population  by  1989.  As  a  result 
of  the  expected  increase  in  Marine  population,  approximately  $133  million  has  been  allocated 
for  new  construction  through  the  year  1989  (Ghusn  and  Flynn). 

Realizing  the  growth  that  MCAGCC  would  be  making,  the  Naval  Civil  Engineering 
Laboratory  (NCEL),  Point  Hueneme,  Calif.,  tasked  the  Geothermal  Program  Office  (GPO)  in 
the  Public  Works  Department  of  the  Naval  Weapons  Center  (NWC),  China  Lake,  Calif.,  to 
provide  information  on  suspected  geothermal  resources  reported  in  the  MCAGCC  area.  It 
was  hoped  that  if  plentiful,  low-temperature  geothermal  fluids  were  available  b  neath 
MCAGCC-controlled  lands,  these  fluids  could  be  used  to  help  offset  cooling  and  heating 
expenses  at  the  Center. 

Extensive  geological,  geophysical,  and  geochemical  investigations  at  several  locations 
gave  promising  results;  measurements  taken  at  seven  thermal-gradient  holes  revealed  a 
geothermal  resource  having  a  minimum  temperature  of  67°C  (153°F)  near  the  Main 
Camp/Administration  Area  on  the  southern  border  of  MCAGCC.  Another  geothermal 
resource  is  suspected  near  La  vie  Lake,  on  MCAGCC’s  north  ranges. 


PREVIOUSLY  PUBLISHED  WORK 


The  existence  of  naturally  occurring  hot  water  in  the  area  around  Twentynine  Palms 
was  known  to  area  water-well  drillers  long  before  water  studies  began  in  the  late  1950s  and 
early  1960s.  At  that  time,  Bader  and  Moyle  (1960)  published  data  on  water  wells  and  springs 
in  the  Yucca  Valley-Twentynine  Palms  area  that  indicated  numerous  wells  with  higher  than 
normal  temperatures,  the  highest  being  1 18°F  just  north  of  the  town  of  Twentynine  Palms. 

The  first  known  report  to  the  Department  of  Defense  on  the  subject  of  geothermal 
resources  at  MCAGCC  was  published  by  Combs  in  1973.  In  his  report,  Combs  concluded  that 
"because  of  the  high  temperature  wells  located  in  the  vicinity  of  the  Marine  Corps  Training 
Center.  .  .  and  because  of  the  very  recent  Amboy  and  Pisgah  Craters  and  their  associated 
extensive  lava  fields  [located  on  the  north  ranges  of  MCAGCC]”  further  work  was  needed  to 
determine  the  existence  and  extent  of  potential  geothermal  resources  in  those  areas. 
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FIGURE  1.  Location  Map  of  the  Marine  Corps  Air  Ground  Combat 
Center  (MCAGCC),  Twentynine  Palms,  Calif.  Modified 
from  Trexler  and  others,  1984. 
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FIGURE  2.  Map  of  MCAGCC-Controlled  Lands. 


In  1980  the  California  Division  of  Mines  and  Geology,  in  conjunction  with  the 
California  Department  of  Conservation,  published  the  map  of  Geothermal  Resources  of 
California  (Higgins,  1980).  On  this  map  Higgins  reported  "’at  least  half  a  dozen  known  hot 
water  wells  (50  to  60°C)  near  the  town  of  Twentynine  Palms  indicate  an  undeveloped 
resource.”  In  1981,  Leivas  and  others  reported  on  two  other  wells  in  the  area  (Jewell  and 
Zuncich)  with  warmer  than  normal  temperatures.  In  this  report,  Leivas  concluded  that 
"based  upon  the  meager  evidence  provided  by  five  known  thermal  wells  in  the  area,  and  a 
cursory  study  of  water  resource  tables,  it  appears  that  the  thermal  zone  may  extend  for  about 
15  km  in  an  east-west  direction,  and  as  much  as  6  km  north-south.  It  appears  that  deep 
seated  hot  waters  are  rising  along  two  or  three  known  faults,  the  Mesquite  Lake  fault,  the 
Pinto  Mountain  fault,  and  an  unnamed  fault  extending  northwestward  from  the  center  of 
Twentynine  Palms.”  Water  levels  are  substantially  lower  on  the  eastern  side  of  the  Mesquite 
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Lake  Fault,  indicating  a  barrier  to  groundwater  movements.  Leivas  reported  a  personal 
communication  from  Moyle  that  temperatures  are  also  higher  on  the  eastern  side  of  the 
Mesquite  Lake  Fault.  Leivas  was  quick  to  point  out,  however,  that  this  "observation  is 
supported  only  by  temperature  data  from  one  well  east  of  the  fault  and  meager  information  on 
temperature/depth  relations  on  the  opposite  side  of  the  fault.” 

In  1984,  Wahler  Associates  published  an  in-depth  geotechnical  study  of  the  area 
immediately  surrounding  the  Main  Camp/Administration  Area,  which  included  geological 
and  geophysical  surveys.  The  study  was  initiated  to  investigate  geologic  and  soil-foundation 
phenomena  that  might  adversely  affect  the  Center.  Although  not  directly  related  to 
geothermal  resources,  the  study  did  provide  valuable  information  concerning  the  exact 
location  of  numerous  faults  in  the  Main  Camp/Administration  Area.  Also  in  1984,  Moyle 
published  a  Bouguer  gravity  anomaly  map  of  the  Twentynine  Palms  area  including  the  Main 
Camp/Administration  Area  and  the  southern  part  of  the  Center’s  ranges.  Moyle  used  the 
gravity  information  and  the  reported  depth  of  selected  drill  holes  and  water  wells  to  model  the 
thickness  of  sediments  overlying  thj  basement  complex  of  igneous  and  metamorphic  rock 
Results  of  this  study  are  discussed  in  the  Gravity  section  of  the  Site-Specific  Studies:  Main 
Camp/ Administration  Area  section  of  this  report. 

Trexler  and  others,  in  1984,  published  the  results  of  thermal-gradient  drilling  at 
MCAGCC,  Twentynine  Palms.  The  drilling  was  funded  in  large  part  by  the  Navy  and  will  be 
reported  in  detail  in  the  Field  Studies:  Thermal-Gradient  Drilling  section  of  this  report 

In  1985  the  URS  Corporation  published  a  report  prepared  for  San  Bernardino  County 
that  delineated  four  geothermal  areas  that  would  require  further  study  near  the  town  of 
Twentynine  Palms.  The  geothermal  heat  from  these  areas  would  presumably  be  used  for 
space  heating  and  cooling  of  low-cost  hous’ng. 


THE  NAVY’S  GEOTHERMAL  EXPLORATION  EFFORT 


The  Geothermal  Utilization  Division,  now  the  Geothermal  Program  Office,  at  the 
Naval  Weapons  Center,  China  Lake,  Calif,  began  active  interest  in  exploration  of  MCAGCC, 
Twentynine  Palms  late  in  1978.  Field  work  commenced  in  April  1981  when  data  were 
gathered  from  373  gravity  and  ground- magnetic  stations  near  and  around  the  Surprise 
Springs  area  directly  west  of  Deadman  Lake.  In  September  1982  aeromagnetics  were  flown 
over  the  western  two-thirds  of  the  Center  by  Aerial  Surveys,  Ltd.  for  Meiiji  Resource 
Consultants,  Salt  Lake  City,  Utah.  Also  in  September  1982,  data  from  214  gravity  and 
ground- magnetic  stations  were  gathered  at  Lavic  Lake  in  the  extreme  northern  portion  of  the 
Center  just  southeast  of  Pisgah  Crater.  In  March  1983  the  Deadman  Lake  gravity  and 
ground  magnetic  study  was  expanded  to  include  the  area  east  and  south  of  the  lake  including 
the  Main  Camp/Administration  Area,  and  an  area  between  the  Center  and  the  town  of 
Twentynine  Palms.  And,  as  mentioned  previously,  early  in  1984  seven  1000-foot  thermal- 
gradient  holes  were  drilled  around  the  Main  Camp/Administration  Area  and  the  area  near 
Deadman  Lake.  The  drilling  was  a  joint  effort  by  the  Navy  and  Department  of  Energy. 
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Each  of  these  studies  will  be  explained  in  detail  in  the  Site-Specific  Studies  and  Field 
Studies  sections  of  this  report. 


GEOGRAPHY 


LOCATION 

The  Marine  Corps  Air  Ground  Combat  Center  (MCAGCC)  at  Twentynine  Palms  lies 
within  the  Mojave  Desert  in  south-central  California.  The  Center  is  located  roughly  half  way 
between  the  Los  Angeles  Metropolitan  Area  and  the  Colorado  River  at  Needles  (Figure  1 ) 

Figure  2  is  a  map  of  the  land  controlled  by  MCAGCC,  Twentynine  Palms.  The  West 
Bullion  Mountains  are  the  largest  physiographic  feature  within  the  Center  and  cut  the 
Center  roughly  in  half  from  north  to  south.  East  of  the  West  Bullion  Mountains  lie  Lead 
Mountain,  the  East  Bullion  Mountains,  and  the  Amboy  Crater  area.  West  of  the  West  Bullion 
Mountains  lie  the  Lava  Bed  Mountains,  Hidalgo  Mountain,  Emerson  Dry  Lake,  Lavic  Lake, 
Pisgah  Crater,  Sunshine  Peak,  Rainbow  Canyon,  Gays  Pass,  Sand  Hill,  and  the  Main 
Camp/ Administration  Area.  The  Main  Camp/Administration  Area  and  the  Lavic  Lake  area 
are  geothermal  sites  that  have  been  explored  and  are  discussed  in  the  Regional  Geophysical 
Studies-Aeromagnetics,  Site-Specific  Studies:  Lavic  Lake,  and  Field  Studies:  Thermal- 
Gradient  Drilling  sections  of  this  report. 

Twentynine  Palms  is  located  in  the  high  desert  region  of  southern  California.  The 
climate  is  characterized  by  hot  summers,  cool  to  cold  winters,  large  diurnal-temperature 
ranges,  low  humidity,  and  little  cloudiness  or  visibility  restrictions  (Reddick,  1983). 
Maximum  precipitation  falls  in  January  and  February  with  total  precipitation  ranging  from 
approximately  2  to  8  inches  for  the  entire  year. 

Table  1  presents  the  long-term  mean  monthly  precipitation  levels  and  the  1981  mean 
values  recorded  for  Twei  tynine  Palms  (Reddick,  1983). 

The  mountains  of  the  transverse  range  (the  San  Bernardino  Mountains,  in  this  case) 
form  a  barrier  to  passing  storms  and  frontal  systems  forming  a  rain-shadow  effect  over  the 
Twentynine  Palms  area  (Reddick,  1983).  As  a  result,  precipitation  varies  from  10  to  26  inches 
on  the  windward  side  of  the  San  Bernardino  Mountains  to  about  4  inches  annually  near 
Twentynine  Palms. 


REGIONAL  SETTING 

The  Marine  Corps  Air  Ground  Combat  Center  is  located  within  the  Mojave  Desert 
geologic  province.  As  defined  by  DeCourten  (1979)  and  as  seen  on  Figure  3,  the  province  is 
bounded  on  the  west  by  the  Garlock  Fault  along  the  Tehachapi  and  southern  Sierra  Nevada 
Mountains,  and  the  San  Andreas  Fault  along  the  San  Gabriel  and  San  Bernardino 
Mountains.  The  eastern  boundary  is  more  obscure;  DeCourten  arbitrarily  places  this 
boundary  at  the  Colorado  River  and  the  California-Nevada  state  line  The  northeastern 
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boundary  is  defined  by  the  extension  of  the  trend  of  the  Garlock  Fault  through  the  Shadow 
Mountains  and  Clark  Mountains  to  Nevada.  The  indistinct  southeastern  boundary  is  defined 
as  the  eastward  extension  of  the  trend  of  the  San  Bernardino  Mountains  to  its  intersection 
with  the  Colorado  River  just  north  of  Blythe,  Calif.  As  defined,  the  Basin  and  Range  province 
lies  north  and  east  of  the  Mojave  province,  while  the  Sal  ton  Trough-Color  ado  Desert  province 
lies  to  the  south. 


TABLE  1.  Precipitation  Data  for  Twentynine  Palms,  California. 


Period 

Mean  monthly  precipitation,  1 

in. 

1981  recorded  precipitation, 

-n. 

January 

0.43 

0.84 

February 

0.19 

0.12 

March 

0.25 

1.12 

April 

0.12 

0.00 

May 

0.05 

0.46 

June 

0.02 

0.00 

July 

0.52 

0.23 

August 

0.69 

0.00 

September 

0.33 

0.10 

October 

0.46 

0.00 

November 

0.31 

0.05 

Oecember 

0.42 

0.00 

Annual 

3.79 

2.92 

Dibblee  (1980)  discusses  the  regional  structure  of  the  Mojave  Desert  province;  his 
discussion  is  paraphrased  as  follows:  The  Mojave  Desert  has  a  basement  complex  composed  of 
Precambrian  gneissic  and  plutonic  rocks  overlain  by  a  Paleozoic  and  Mesozoic  marine 
sedimentary  series.  During  several  Mesozoic  orogenies,  the  sedimentary  series  was  folded 
during  the  formation  of  low-angle  thrust  faults  and  high-angle  faults.  In  the  central  and 
western  Mojave  Desert,  the  deformed  sediments  are  locally  intruded  and  overlain  by  Mesozoic 
plutonic  rocks.  The  plutonic  intrusions  form  the  southeastern  extension  of  the  Sierra  Nevada 
batholith. 

During  the  Cenozoic  era  these  basement  rocks  reacted  to  tectonic  stresses  and  the 
Mojave  Desert  province  became  outlined  as  a  wedge-shaped  block  between  the  San  Andreas 
and  Garlock  Faults.  Dibblee  believes  that  during  the  early  Tertiary  period  much  of  the 
basement  complex  was  mountainous.  By  middle  Tertiary  (Oligocene-Miocene)  the  terrain 
had  been  affected  by  crustal  movements  and  volcanic  eruptions  with  part  of  the  basement 
forming  highlands  while  other  parts  were  depressed  to  form  undrained  valleys.  The  valleys 
formed  as  trough-like  basins  with  axes  predominantly  trending  east-west.  As  the  highlands 
rose,  eroded  basement  rock  and  volcanic  material  that  had  erupted  mainly  from  the  valley 
margins  accumulated  in  the  subsiding  valleys.  This  accumulation  gave  some  valley  basins 
great  thicknesses  of  Oligocene  to  Pliocene  volcanic-sedimentary  sequences. 
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The  volcanic-sedimentary  sequences  are  deformed  in  all  basins  by  Pleistocene  crustal 
movements  but  are  most  severely  deformed  along  and  near  the  San  Andreas  fault  iune. 
Locally,  the  sequences  are  deformed  along  the  Garlock  Fault  and  northwest-trending  faults 
within  the  Mojave  block. 

Dibblee  (1980)  points  out  that  the  fault  pattern  within  the  Mojave  block  indicates  that 
there  are  two  sets  of  high-angle  strike-slip  faults  as  previously  recognized  by  Hill  and  Dibblee 
(1953)  and  Garfunkel  (1974).  The  dominant  set  is  the  longitudinal  set  of  northwest  trending 
faults  of  the  San  Andreas  fault  system  (Figure  4).  These  faults  are  found  mainly  in  the 
southeastern  half  of  the  Mojave  Desert  block  and  show  small  right-slip  displacements.  Major 
named  northwest-trending  faults  include  the  Emerson  (Dibblee,  1967a),  the  Ludlow  (Dibblee, 
1967b),  the  Bullion  (Kupfer  and  Bassett,  1962),  the  Calico  (Dibblee  and  Bassett,  1966, 
Dibblee,  1967a),  Mesquite  Lake  (Dibblee,  1968a),  Hidalgo  (Surprise  Springs)  (Dibblee,  1967a) 
and  the  Pisgah  Fault  (Dibblee,  1966).  The  subordinate  set  is  the  transverse  set  of  east-to- 
northeast  trending  left-slip  faults  such  as  the  Garlock,  Pinto  Mountain,  and  Coyote 
Lake-Cady  Faults.  Some  of  the  transverse  faults  intersect  the  longitudinal  faults  but  do  not 
cross  them.  Dibblee  has  noted  that  where  they  intersect,  the  terrain  at  the  obtuse  angle  made 
by  the  intersection  has  been  elevated  into  mountains  by  compression  that  probably  resulted 
from  the  blockage  of  strike-slip  movement  on  both  faults.  The  terrain  at  the  acute  angle  of 
each  intersection  is  commonly  depressed  probably  by  the  pull-apart  tension  such  as  the 
intersection  of  the  San  Andreas  and  the  Garlock  Faults. 

Vertical  displacements  are  continuing  along  many  of  the  faults  as  indicated  by 
radiometrically  dated  Pleistocene  basaltic  flows  that  have  been  vertically  displaced  as  much 
as  several  hundred  feet  (Norris  and  Webb,  1976).  Modern  scarps  have  been  formed  in  thick 
allu\  al  deposits  that  are  cut  by  some  of  the  internal  faults.  An  example  is  a  1975  earthquake 
that  ruptured  and  displaced  the  surface  between  the  Calico  and  Emerson  faults. 


GEOLOGY 


The  geology  of  the  Twentynine  Palms  Marine  Corps  Air  Ground  Combat  Center  is 
complex.  The  Center  contains  several  mountain  ranges  consisting  of  interbedded  Tertiary 
and  Holocene  volcanics  and  clastic  sediments  resting  on  a  Mesozoic  metamorphic-intrusive 
complex.  The  ranges  are  isolated  by  alluvium-filled  valleys.  Since  the  volcanics  have  not 
k  been  isotopically  dated,  diagnostic  correlation  of  rock  units  across  valleys  is  not  practical, 

making  regional  description  of  these  rock  units  almost  impossible.  Therefore,  to  present  as 
clear  a  picture  as  possible  of  the  geologic  setting  of  MCAGCC,  the  geology  of  individual 
ranges  and  selected  features  are  described. 

This  section  is  a  summary  of  data  taken  from  Bassett  and  Kupfer  (1964),  Dibblee  (1966, 
*  1967a,  1967b,  1967c,  1968),  and  Wise  (1969). 

i 
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THE  WEST  BULLION  MOUNTAINS 

The  West  Bullion  Mountains  are  the  main  topographic  feature  within  MCAGCC, 
Twentynine  Palms,  cutting  the  base  roughly  in  half  from  north  to  south.  The  mountains  are 
composed  of  Tertiary  basalts,  andesite  breccias,  tuff  breccias,  latite  felsite,  and  fanglomerates 
with  andesite  detritus,  intruded  by  Tertiary  andesite  to  dacitic  rocks.  The  western  edge  of  the 
range  is  a  northwest-trending  boundary  fault.  Two  other  persistent  northwest-trending 
faults  cut  the  range.  The  flows  and  sediments  generally  strike  northwest  with  low  dips  to  the 
east. 


The  southern  West  Bullion  Mountains  consist  of  pre-Tertiary  rocks.  The  dominant 
lithology  is  biotite  quartz  monzonite,  although  quartz  monzonite  and  hornblende  diorite  (or 
gabbro)  are  also  present.  In  some  places,  swarms  of  northwest-trending  andesitic  dikes 
intrude  the  biotite  quartz  monzonite  (Dibblee,  1967c).  At  the  very  south  end  of  the  West 
Bullion  Mountains,  a  few  north-trending  felsites  (composed  of  sodic  plagioclase,  K-feldspar, 
quartz,  and  a  trace  of  biotite)  intrude  the  biotite  quartz  monzonite. 

Sediments  in  the  southern  West  Bullion  Mountains  area,  including  Deadman  Lake  and 
the  Surprise  Spring  area  (immediately  west  and  north  of  the  Administration  Area  for 
MCAGCC),  are  generally  Quaternary  in  age  and  consist  of  alluvium  deposits  (Dibblee,  1967c, 
1968).  Windblown  sand  and  alluvial  fan  gravels  cover  some  of  the  older  alluviums  in  certain 
locations. 


PISGAH  CRATER 

The  lavas  of  Pisgah  Crater,  located  northwest  of  Lavic  Lake,  flowed  onto  alluvium  and 
onto  clays  of  the  northern  part  of  Lavic  Lake.  Wise  (1969)  notes  five  flows  in  the  complex,  all 
of  which  are  vesicular,  black,  fresh  basalt  porphyries  with  olivine  phenocrysts.  Individual 
flows  may  be  about  50  feet  thick  around  Pisgah  Crater  but  taper  out  to  a  few  feet  thick  at  the 
flow’s  margin.  Pisgah  Crater  is  formed  of  fragments  and  lapilli  of  brownish-black  scoriaceous 
basaltic  glass.  The  basalt  of  Pisgah  Crater  is  presumably  very  late  Pleistocene  or  Recent 
(Dibblee,  1966b). 


SUNSHINE  PEAK  LAVA  FLOW  AND  CRATERS 

Basaltic  lava  erupted  from  at  least  three  small  craters  west  of  Lavic  Lake.  The  basalt 
is  vesicular,  hard,  and  black  with  olivine  phenocrysts.  The  craters  consist  of  brownish  black 
scoriaceous  basalt  that  is  probably  Pleistocene  in  age  (Dibblee,  1966b). 


SUNSHINE  PEAK 

The  dominant  rock  of  Sunshine  Peak  is  dacite  porphyry,  a  gray-white  to  light  greenish 
gray  rock,  with  40  to  60%  phenocrysts  that  are  mostly  plagioclase,  but  include  some  biotite, 
hornblende  and  quartz.  According  to  Dibblee  (1966b),  the  intrusive  mass  may  have  been 
emplaced  as  emerging  dikes,  and  are  probably  Oligocene  or  early  Miocene,  possibly  older. 
The  dacite  prophyry  is  intruded  by  swarms  of  northwest-trending  andesite  porphyry  dikes 
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Roof  pendants  of  biotite  quartz  monzonite  and  quartz  monzonite  occur  in  the  dacite 
porphyry.  The  biotite  quartz  monzonite  is  a  massive  medium-grained  granitoid  rock 
composed  of  10  to  30%  K-feldspar,  3  to  20%  biotite,  0  to  5%  hornblende,  and  accessory  sphene, 
zircon,  and  magnetite.  The  biotite  quartz  monzonite  is  Mesozoic. 

The  quartz  monzonite  is  a  gray-white,  massive,  medium-gTained  granitoid  rock 
composed  of  quartz.  K-feldspar,  and  sodic  plagioclase  in  about  equal  portions;  2  to  5%  biotite; 
and  accessory  sphene,  zircon,  and  magnetite.  The  quartz  monzonite  roof  pendants  are 
dikelike  and  trend  northwest.  Based  on  relations  elsewhere,  the  quartz  monzonite  is 
Mesozoic. 


LAVA  BED  MOUNTAINS 

Older  valley  sediments  in  the  Lava  Bed  Mountains,  which  are  west  of  Lavic  Lake,  are 
also  presumably  present  under  the  surficial  sediments  in  the  valleys.  These  sediments  are 
mostly  coarse  detrital  materials  up  to  2000  feet  thick,  Pleistocene  in  age,  possibly  in  part  very 
late  Tertiary.  The  sediments  consist  of  unstratified  fanglomerates,  cobble-pebble  gravel,  and 
bedded  gravelly  sand  and  silt,  and  locally  contain  an  interbedded  tuff.  The  sediments  have  a 
red  conglomerate  and  boulder  gravel  conglomerate  as  a  basal  unit  (Dibblee,  1966b). 

The  basalt  of  the  Lava  Bed  Mountains  is  black,  massive,  slightly  to  moderately 
vesicular  rock  with  a  few  olivine  phenocrysts.  The  lava  flows  are  as  thick  as  200  feet,  and  are 
unconformably  (?)  overlain  by  the  Pleistocene  fanglomerate  and  gravel  units  that  are 
probably  late  Tertiary  or  early  Quaternary  in  age  (Dibblee  1966). 

The  basalt  overlies  Tertiary  varicolored  andesite  porphyry  with  20  to  50%  phenocrysts 
that  are  mostly  plagioclase,  but  with  some  biotite  and  basaltic  hornblende.  The  basalt  also 
overlies  Tertiary  varicolored  tufFbreccia  that  contains  small  fragments  of  devitrified  pumice, 
and  small  to  large  fragments  of  Tertiary  andesite  and  andesite  porphyry  in  a  matrix  of  fine-  to 
coarse-grained  tuff. 

The  rocks  described  above  are  intruded  by  Tertiary  varicolored  andesite  porphyry  with 
20  to  50%  phenocrysts  that  are  mostly  plagioclase,  but  with  some  biotite,  rare  quartz,  and 
rare  basaltic  hornblende. 


AMBOY  CRATER 

Amboy  Crater  is  located  just  east  of  a  jog  in  the  northeastern  boundary  of  the  Center 
(Figure  2).  Bassett  and  Kupfer  (1964)  state 

"A  very  prominent  undissected  cinder  cone,  known  as  the  Amboy  Crater,  is  located 
just  southwest  of  the  town  of  Amboy  and  southeast  of  the  town  of  Bagdad  .  .  .  The 
cone,  which  is  breached  on  the  western  side,  rises  about  200  feet  above  its  associated 
flows  that  spread  out  over  an  area  of  nearly  40  square  miles.  The  volcano  erupted 
along  the  northern  border  of  Bristol  Dry  Lake  and  poured  lava  out  onto  its  surface 
dividing  it  into  the  two  present  playas,  Alkali  and  Bristol  Dry  Lakes.” 
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ROCKS  IN  THE  VICINITY  OF  EMERSON  (DRY)  LAKE 

The  rocks  in  the  vicinity  of  Emerson  (Dry)  Lake,  on  the  west-central  boundary  of  the 
Center,  are  Precambrian  (?)  gneisses  and  marble,  intruded  by  Mesozoic  rocks. 

A  granite  gneiss  and  an  aplitic  gneiss  are  in  the  area.  The  granite  gneiss  is  composed 
of  medium-  to  coarse-grained  quartz,  K-feldspar,  and  plagioclase  in  about  equal  amounts  with 
some  biotite  and  rare  hornblende.  The  granite  gneiss  is  segregated  into  light  and  dark 
streaks.  The  aplitic  gneiss  consists  of  fine-grained  quartz,  K-feldspar,  and  sodic  plagioclase 
with  less  than  2 %  biotite  as  minute  flakes. 

The  gneisses  are  intruded  by  quartz  monzonite  that  contains  roof  pendants  of 
hornblende  diorite  and  biotite  diorite.  Off  the  military  reservation  the  quartz  monzonite  is 
cut  by  northwest- trending  mafic  idioritic  to  andesitic)  dikes.  Some  quartz-latite  dikes  cut  the 
quartz  monzonite  just  west  of  the  Center’s  boundary.  The  quartz  monzonite  gave  a  lead-alpha 
age  of  approximately  89  million  years  (Dibblee,  1967a). 

The  roof  pendants  have  a  granitoid  texture  and  are  medium-  to  coarse-grained  rock. 
The  hornblende  diorite  is  dark-gray  to  black,  composed  mostly  of  calcic  plagioclase  and 
hornblende  with  some  biotite  and  minor  amounts  of  iron  oxides,  chlorite,  and  epidote. 

The  biotite  diorite  is  dark  gray  and  is  composed  of  calcic  plagioclase  and  biotite  with 
small  amounts  of  hornblende,  chlorite,  and  iron  oxides. 


REGIONAL  GEOPHYSICAL  STUDIES-AEROMAGNETICS 


Aeromagnetics  were  flown  over  the  western  two-thirds  of  MCAGCC  on  24,  25,  and  26 
September  1982.  The  survey  was  flown  by  Aerial  Surveys,  Ltd.  for  Meiiji  Resource 
Consultants,  Salt  Lake  City,  Utah,  who  were  under  contract  with  the  Navy  to  perform  the 
service.  The  survey  was  flown  in  a  north-south  direction  with  a  flight  line  spacing  of 
approximately  1  mile  and  a  mean  terrain  clearance  of  1000  feet,  and  covered  more  than  1600 
square  miles.  The  resultant  aeromagnetic  map  (Plate  1)  was  contoured  at  20  gammas  locally 
and  100  gammas  overall.  Plate  1  is  contained  in  the  rear  pocket  of  this  report;  the  base 
boundary  shown  is  approximate. 

The  aeromagnetic  map  contains  a  tremendous  amount  of  information  that  would 
require  a  report  in  itself  to  fully  discuss.  Therefore,  only  obvious  features  (or  the  lack  thereof) 
and  features  pertaining  to  geothermal  studies  will  be  discussed  below. 

The  map  displays  two  prominent  magnetic  lows:  the  largest  is  located  directly  south  of 
Lavic  Lake  in  the  northwestern  comer  of  the  Center,  and  the  other  is  located  just  east  of 
Deadman  Lake.  The  low  near  Deadman  Lake  is  associated  with  an  elongated  structural 
feature  of  nearly  uniform  width  trending  approximately  N40°W.  This  feature  is  interpreted 
to  be  a  large,  somewhat  narrow,  sediment-filled  valley  (a  graben)  such  as  those  found  in  the 
Basin  and  Range  province  of  Nevada  and  Utah.  The  magnetic  low  south  of  Lavic  Lake  is 
more  rounded  in  appearance,  but  tends  to  be  slightly  elongated  in  a  east-west  direction  and 


16 


N'WC  TP  6747 


appears  to  correspond  to  a  structure  that  also  trends  east-west.  While  it  could  be  the 
magnetic  signature  of  a  deep,  sedimentary-filled  basin,  the  anomaly  could  also  be  caused  by  a 
collapsed  volcanic  feature  or  vent. 

The  N40°W  and  east-west  structural  trends,  which  appear  to  define  the  magnetic  lows 
just  discussed,  intersect  in  the  northwestern  part  of  the  Center  near  Pisgah  Crater  and 
Sunshine  Peak.  Because  they  parallel  the  strikes  of  the  San  Andreas  and  Pinto  Mountain 
Faults,  these  two  structural  trends  are  considered  to  be  more  regional  than  localized  features. 
Although  any  recent  geologic  activity  or  movements  along  these  features  is  not  known,  the 
features  probably  have  caused  a  large  weak  zone  in  the  crust  where  they  intersect  and  could 
be  partly  responsible  for  the  existence  of  the  Pisgah  Crater/Sunshine  Peak  volcanic  field. 

Prominent  magnetic  highs  on  the  map  are  located  just  outside  of  the  western-central 
boundary  of  the  Center.  These  highs  correspond  to  the  dioritic  rocks  as  mapped  by  Dibblee 
(1967a)  just  southwest  of  Emerson  Lake.  One  other  localized  magnetic  high  is  located 
immediately  north  of  the  administration  area  in  the  West  Bullion  Mountains.  This  anomaly 
is  likely  attributable  to  a  highly  magnetic  body  located  either  at  ground  surface  or  buried  just 
beneath  the  surface. 

It  is  interesting  to  note  that  neither  the  older  basalts  of  the  West  Bullion  Mountains 
nor  the  younger  basaits  of  the  Pisgah  Crater  area  correspond  to  any  magnetic  highs.  Since 
magnetite  is  an  accessory  to  almost  all  basalts,  it  is  curious  that  areas  with  large  basaltic 
flows  did  not  provide  magnetic  "spikes,"  especially  when  these  basalts  are  in  close  proximity 
to  sedimentary-filled  basins  and  grabens.  Pyritization  of  the  magnetite  seems  unlikely  as  a 
cause,  particularly  in  the  recent  basalts  of  Pisgah  Crater. 

Another  point  of  interest  on  the  aeromagnetic  map  occurs  near  the  southern  boundary 
line  west  of  the  Main  Camp/ Administration  Area.  In  this  area  a  marked  change  occurs  in  the 
direction  of  the  magnetic  contours  from  approximately  N40°W  to  nearly  N60°W  or  greater 
This  change,  in  varying  degrees,  can  be  seen  in  the  entire  southwestern  portion  of  the  map. 
One  obvious  explanation  is  that  the  Pinto  Mountain  Fault  is  a  right-lateral  fault  as  opposed 
to  left-lateral  as  previously  thought  (see  Dibblee,  1968).  As  the  Pinto  Mountain  Fault  moves 
right-laterally,  it  bends  the  shallow  crust  north  of  the  fault  to  the  east,  creating  drag  features 
and  deflecting  the  regional  N40°W  trend  to  nearly  NeO’W.  If  this  is  the  case  (the  theory  has 
not  been  field-tested),  the  low  magnetic  anomaly  just  west  and  southwest  of  the  Main 
Camp/Administration  Area,  underneath  Mesquite  Lake,  may  be  the  result  of  east-west 
tension  causing  a  pull-apart  tear  in  the  crust.  Such  a  feature  could,  in  part,  explain  the 
existence  of  the  geothermal  resource  in  this  area. 


TWENTYNINE  PALMS  AREA 


HYDROLOGY 

No  perennial  streams  exist  in  the  Twentynine  Palms  area;  however,  flash  flooding  can 
occur  in  washes  during  and  after  thunderstorms.  The  average  rainfall  in  the  area  is  about  4 
inches,  and  the  yearly  average  temperature  is  about  67°F  (Freckleton,  1982).  Most  of  the 
rainfall  comes  as  summer  thunderstorms.  Groundwater  originates  from  precipitation  runoff 
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in  the  mountains.  The  runoff  infiltrates  the  unconsolidated  deposits,  and  water  that  is  not 
intercepted  and  used  by  native  vegetation  or  evaporated  from  che  soil  finds  its  way  to  the 
water  table.  Infrequently,  a  small  quantity  of  recharge  occurs  directly  as  deep  penetration  of 
rain.  Some  recharge  occurs  by  subsurface  flow  from  adjacent  basins. 

Movement  of  groundwater  through  the  valleys  is  impeded  locally  by  groundwater 
barriers,  which  the  U.S.  Geological  Survey  usually  assumes  to  be  faults  (Freckleton.  1982) 
However,  other  structures  can  act  as  barriers,  such  as  buried  flows,  silt-filled  giant 
desiccation  cracks,  or  a  rise  in  bedrock  topography. 

Some  of  the  more  important  hydrological  studies  in  the  Twentynine  Palms  vicinity  are 
Thompson  (1929,  Mojave  Desert  region),  Freckleton  (1982,  Twentynine  Palms  Indian 
Reservation),  Moyle  (1967,  Lavic  Valley),  Bader  and  Moyle  (1960,  Yucca  Valley-Twentvnine 
Palms-Mesquite  basin),  and  Schaefer  (1978,  Surprise  Spring  subbasin). 

Thompson  (1929)  noted  that  in  1917  he  had  seen  a  large  reentrant  in  the  mountains 
south  of  the  existing  town  of  Twentynine  Palms,  which  was  occupied  by  an  alluvial  slope  5  to 
6  miles  long  and  3  to  4  miles  wide.  At  the  foot  of  this  reentrant  stood  the  Twentynine  Palms 
springs.  Thompson  believed  that  the  water  that  percolated  down  this  slope  encountered  a 
water  barrier  at  the  Pinto  Mountain  Fault  and  rose  to  the  surface. 

Freckleton,  in  his  1982  study  of  the  Twentynine  Palms  Indian  Reservation,  notes  that 
the  Pinto  Mountain  Fault  acts  as  a  groundwater  barrier  because  water  levels  on  the  south 
side  of  the  fault  are  higher  than  those  on  the  north  side.  He  also  notes  that  the  Mesquite  Lake 
Fault,  another  groundwater  barrier,  crosses  the  Reservation  and  that  Dibblee  (1968)  maps  a 
probable  fault  that  could  be  a  groundwater  barrier  crossing  the  Reservation  in  a  roughly  east- 
west  trend. 

In  the  Twentynine  Palms-Yucca  Valley  area,  water  levels  in  wells  range  from  near 
land  surface  to  more  than  500  feet  below  land  surface  (Bader  and  Moyle,  1960).  Near 
Mesquite  Lake,  north  of  the  town  of  Twentynine  Palms,  and  at  the  Oasis  of  Mora,  just  south  of 
Twentynine  Palms,  a  few  wells  flow  continuously  or  intermittently.  Barriers  separate  the 
main  valley  areas  into  smaller  groundwater  basins.  The  displacement  of  water  level  across 
the  barriers  is  locally  as  great  as  240  feet.  In  this  area,  recharge  is  mainly  by  infiltration  of 
runoff  from  the  eastern  slope  of  the  San  Bernardino  Mountains  and  northern  slopes  of  the 
little  San  Bernardino  Mountains. 

The  water  supply  at  the  Marine  Corps  Air  Ground  Combat  Center  is  from  wells  in  the 
Surprise  Spring  subbasin,  which,  together  with  the  Deadman  Lake  subbasin,  forms  the 
Deadman  Valley  subbasin. 

Schaefer  (1978)  describes  the  basin  and  subbasin  boundaries  as  faults  and  consolidated 
rocks  (Figure  5).  The  boundaries  for  Surprise  Spring  subbasin  are  the  Emerson  and  Copper 
Mountain  Faults  to  the  west  and  the  Surprise  Spring  Fault  and  consolidated  rocks  to  the  east. 
Adjoining  Surprise  Spring  subbasin  to  the  east  is  Deadman  Lake  subbasin,  whose  boundaries 
are  the  Mesquite  Lake  Fault  and  Deadman  Lake  to  the  east  and  a  transverse  arch  to  the 
south.  The  boundaries  of  Mesquite  Lake  subbasin,  which  is  to  the  south  of  the  transverse 
arch,  are  the  Copper  Mountain  and  Pinto  Mountain  Faults  to  the  southwest  and  the  Mesquite 
Lake  Fault  to  the  east. 


18 


NWC  TP  6747 


Schaefer’s  description  of  the  movement  of  water  between  subbasins  is  paraphrased  in 
the  following  paragraphs. 

Water-level  measurements  from  the  three  subbasins  give  an  indication  of  the  general 
direction  of  the  flow  of  groundwater  (Figure  6)  At  the  north  end  of  the  Surprise  Spring 
subbasin,  the  water-level  differential  between  the  wells  on  the  east  and  west  sides  of  Emerson 
Fault  is  about  50  feet,  the  level  in  the  wells  on  the  east  being  lower.  East  of  Emerson  Fault 
some  groundwater  moves  toward  Emerson  Lake;  however,  most  of  the  groundwater  moves 
southeastward  toward  Surprise  Spring. 

A  difference  in  water-surface  altitude  of  about  200  feet  exists  between  the  Surprise 
Spring  and  Deadman  Lake  subbasins. 

Schaefer  also  states  the  foliowring. 

"In  Deadman  Lake  subbasin  the  water  moves  generally  eastward  toward  Deadman 
Lake.  Previous  (mid-1960s)  measurements  of  water  level  in  wells  that  are  now 
destroyed  indicated  a  southward  component  of  flow  from  the  Deadman  Lake  area 
across  the  transverse  arch  into  Mesquite  Lake  subbasin.  This  situation  probably 
has  not  changed.  In  addition  to  ground  water  moving  into  the  Mesquite  Lake  area 
from  the  north,  a  small  quantity  of  ground  water  moves  northeastward  into 
Mesquite  Lake  subbasin  from  the  Joshua  Tree  and  Yucca  Valley  areas  (Lewis, 
1972).  Ultimately  some  ground  water  discharges  at  Mesquite  Lake,  and  some 
continues  to  move  eastward  across  Mesquite  Lake  fault. ...” 


Presuming  an  aquifer  thickness  of  200  feet-determined  by  test  drilling,  seismic 
refraction  work,  and  economic  considerations-and  a  specific  yield  of  13%,  confirmed  by  the 
test  drilling  and  logs  of  other  wells,  the  Surprise  Spring  subbasin  contained  about  650,000 
acre-feet  of  water  (Schaefer,  1975).  Usage  at  that  time  was  2600  acre-feet  annually.  Most  of 
the  wells  in  Surprise  Spring  subbasin  produce  water  of  good  quality. 

Because  of  limited  pumping  in  the  Deadman  Lake  and  Mesquite  Lake  subbasins  the 
water  levels  have  not  declined  significantly.  Schaefer  (1975)  gives  a  figure  of  290,000  acre- 
feet  in  Deadman  Lake  subbasin. 


WELL  TEMPERATURES 

Warm  or  hot  springs  and  wells  give  the  most  direct  indication  of  the  presence  of  a 
geothermal  resource.  Figure  7  contains  contoured  data  on  the  temperatures  of  wells  in  the 
vicinity  of  Twentynine  Palms.  (The  analyses  discussed  in  the  Water  Geochemistry  section  of 
this  report  provided  the  data  presented  in  this  section.)  Contouring  is  not  totally  controlled  as 
wells  are  not  necessarily  located  at  critical  sites.  No  determination  could  be  made  as  to 
whether  or  not  all  the  wells  used  in  contouring  were  in  the  same  aquifer.  No  determination  of 
the  depth  of  production  was  made,  although  within  a  single  aquifer  temperatures  can 
increase  with  depth.  Despite  the  limitations  resulting  from  this  ambiguity  of  information, 
the  writers  believe  that  the  general  contour  pattern  of  temperatures  is  thought  to  be 
representative  of  the  area. 
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FIGURE  6.  Water-Table  Contours,  Autumn  1975.  Modified 
from  Schaefer,  1978. 
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FIGURE  7.  Maximum  Measured  Temperatures  in  Wells  Around 
Twentynine  Palms.  Contour  values  in  °C. 
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The  most  impressive  anomaly  is  the  northwest-trending  high  in  townships  TIN, 
R.8E.;  T.1N.,  R.9E.;  T.2N.,  R.7E.;  and  T.2N.,  R.8E.  (Appendix  A  provides  information  about 
the  numbering  system  used  to  designate  townships.)  This  linear  anomaly  has  several 
localized  highs  within  it.  Its  strike  is  more  westerly  than  the  northwest-trending  Calico  and 
Surprise  Spring  Faults,  but  this  westerly  strike  may  be  apparent  rather  than  actual. 
Although  plotted  as  one  anomaly,  the  strike  might  actually  be  two  anomalies  with  the 
northernmost  high  being  associated  with  Surprise  Spring  Fault.  If  that  were  the  case,  the 
temperature  high  (63°C)  in  the  northeastern  portion  ofT.lN.,  R.9E.  would  be  just  east  of  the 
West  Bullion  Mountain/Mesquite  Lake  fault  zone,  the  linear  anomaly  with  the  67°C  and  52°C 
highs  would  be  just  east  of  the  Calico  Fault,  and  the  northernmost  anomaly  (67°C)  would  be 
just  east  of  the  Surprise  Spring  Fault. 


GEOTHERMOMETERS 

Water  analysis  may  frequently  be  used  to  estimate  reservoir  temperatures  by  use  of 
geothermometry.  The  two  main  families  of  chemical  geothermometers  are  the  silica 
geothermometers  and  the  alkali  geothermometers.  Sometimes  both  types  give  concordant 
results,  but  frequently,  results  calculated  with  different  geothermometers  give  discordant 
results. 


Silica  Geothermometers 

Several  silica  chemical  geothermometers  are  available:  quartz-no-steam- loss  (also 
called  quartz-conductive-cooling),  quartz  maximum  steam  loss,  chalcedony,  a-cristobalite,  p- 
cristobalite,  and  amorphous  silica  (-Fournier,  1981).  All  have  the  general  formula 


(a  number  from  784  to  1309) 

T  =  -  -273.15 

(a  numberfrom 4.51  to5.75)  —  logC 

where 

T  =  the  reservoir  temperature  (°C) 

C  =  the  concentration  of  Si02  in  parts  per  million  (or  milligrams  per  liter) 

The  two  quartz  and  chalcedony  geothermometers  were  calculated  from  available  water 
analyses.  The  amorphous  silica  geothermometer  often  gives  unsatisfactory  results  and  in  this 
study  gave  numerous  temperatures  below  freezing  These  results  are  therefore  not  reported 
Results  for  the  quartz-conductive-cooling,  quartz-maximum-steam-loss,  and  chalcedony 
geothermometers  are  given  in  Appendix  A. 

Excluding  mistakes  in  analysis,  all  sample  collection  errors  tend  to  lower  calculated 
results,  for  example,  precipitation  of  silica  after  sample  collection  and  dilution  of  geothermal 
waters  by  cold,  low-silica  waters.  Hence,  silica  geothermometers  represent  minimum 
temperatures.  The  silica  geothermometers  generally  apply  to  the  temperature  range  0  to 
250°C  (Fournier,  1981).  Since  all  silica  geothermometers  have  the  same  type  formula,  the 
general  form  of  contoured  results  should  be  the  same.  Therefore,  only  the  quartz-conductive- 
cooling  thermometer  was  contoured  (Figure  8). 
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FIGURE  8.  Quartz-Conductive-Cooling  Geothermometer  Results. 
Contour  values  in  °C. 
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URS  Corporation  (1985)  discusses  the  problem  of  choosing  between  the  quartz- 
conductive-cooling  geothermometer  and  the  chalcedony  geothermometer  in  the  Twentvnine 
Palms  region.  They  chose  to  use  the  chalcedony  geothermometer  because  it  gave  results  with 
the  closest  agreement  to  measured  temperatures.  However,  the  writers  of  this  report  believe 
that  because  geothermometers  were  developed  to  estimate  reservoir  temperatures  at  depth, 
the  quartz-conductive-cooling  geothermometer  is  most  appropriate.  The  chalcedony 
geothermometer  results  would  be  about  half  those  of  the  quartz-conductive-cooling 
geothermometer 

The  southern  portion  of  the  large  northwestern-trending  thermal  anomaly  outlined  by 
the  maximum  recorded  temperatures  (Figure  7)  is  clearly  indicated  by  the  quartz-conductive- 
cooling  geothermometer  results  (Figure  8).  The  highest  measured  water  temperature  was 
67°C.  The  quartz-conductive-cooling  geothermometer  indicates  a  reservoir  temperature  of 
117°C,  and  the  chalcedony  geothermometer  shows  76°C.  The  high  measured  temperatures  in 
the  eastern  half  of  T.  IN,  R.9E.  are  also  reflected  on  the  plot  of  the  quartz -conductive-cooling 
geothermometer  (Figure  8). 

Mixing  models  were  developed  in  the  1970s  for  silica  geothermometers  to  compute  how 
much  geothermal  groundwater  and  normal  groundwater  a  sample  contains;  the  models  also 
allow  calculation  of  the  undiluted  reservoir  temperature  (Fournier  and  Truesdell,  1974; 
Truesdell  and  Fournier,  1977).  Unfortunately,  the  proper  combination  of  hot  and  cold  springs 
are  not  available  in  the  Twentvnine  Palms  area  to  utilize  the  model.  This  circumstance  also 
precludes  using  chloride-enthalpy  mixing  models. 


Alkali  Geothermometers 

Two  commonly  used  sodium-potassium  (Na-K)  geothermometers  are  that  of  Truesdell 
(1976)  and  that  of  Fournier  (1979).  The  latter  is  generally  known  as  the  Na-K  chemical 
geothermometer,  modified.  Where  waters  come  from  high-temperature  environments  ( >  180 
to  220°C)  the  Na-K  geothermometer  generally  gives  excellent  results.  The  main  advantage  of 
the  Na-K  geothermometer  is  that  it  is  less  affected  by  dilution  and  steam  separation  than 
other  commonly  used  geothermometers,  provided  that  there  are  few  positive  ions  of  sodium  or 
potassium  (Na+  or  K  +  )  in  the  diluting  waters  relative  to  the  reservoir  water.  It  appears, 
however,  that  the  Na-K  method  generally  fails  to  give  reliable  results  for  waters  from 
environments  below  100°C.  In  particular,  low-temperature  waters  rich  in  calcium  give 
anomalous  results  by  the  Na-K  method  (Fournier,  1981). 

The  Na-K  modified  calculated  reservoir  temperatures  are  given  in  Appendix  A 
Temperatures  calculated  with  the  Na-K  geothermometers  are  generally  higher  than  these 
taken  with  silica  geothermometers  or  sodium-potassium-calcium  geothermometers. 

The  sodium-potassium-calcium  (Na-K-Ca)  geothermometer  of  Fournier  and  Truesdell 
(1973)  was  developed  specifically  to  deal  with  calcium-rich  waters  that  give  anomalously  high 
calculated  temperatures  by  the  Na-K  method  (Fournier,  1981).  The  effect  of  dilution  on  the 
Na-K-Ca  geothermometer  is  generally  negligible  if  the  high-temperature  geothermal  water 
is  much  more  saline  than  the  diluting  water  and  the  geothermal  water  contains  more  than  20 
to  30%  geothermal  brine.  Calculated  Na-K-Ca  geothermometer  temperatures  are  given  in 
Appendix  A  and  plotted  on  Figure  9. 
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FIGURE  9.  Sodium-Potassium-Calcium  (Na-K-Ca)  Geothermometer  Results. 
Contour  values  in  °C. 
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Fournier  and  Potter  (1979)  showed  that  the  Na-K-Ca  geothermometer  gives 
anomalously  high  results  when  applied  to  waters  rich  in  the  magnesium  ion.  To  address  this 
problem  they  devised  a  magnesium  correction,  which  was  applied  where  appropriate. 
Predicted  reservoir  temperatures  corrected  for  magnesium  appear  to  be  low  For  instance,  a 
magnesium-corrected  Na-K-Ca  geothermometer  whose  correction  was  calculated  from  a 
chemical  analysis  of  water  taken  from  well  1N/9E-33J2  gives  a  temperature  of  21°C,  while 
the  measured  temperature  was  23°C  (Freckleton,  1 982). 

The  Na-K-Ca  geothermometer  indicates  a  moderate-temperature  (maximum 
temperature  88°C)  anomaly  over  the  southern  portion  of  the  large  northwestern-trending 
thermal  anomaly  as  outlined  by  maximum  recorded  well  temperatures  (Figure  7).  The  area 
of  high  measured  temperatures  in  the  eastern  half  of  T.1N.,  R.9E  has  predicted  Na-K-Ca 
reservoir  temperatures  of  up  to  145°C 

Although  the  various  geothermometers  show  some  general  similarities  in  pattern,  and 
the  patterns  show  relationships  to  known  structures  as  determined  by  geology  and 
geophysics,  the  writers  are  reluctant  to  use  the  geothermometers  as  quantitative  measures. 
The  silica  geothermometers  give  only  minimum  reservoir  temperatures.  Calcium  affects  the 
sodium-potassium  geothermometer.  If  the  sodium-potassium-calcium  geothermometers  are 
correct,  only  low-  to  moderate-temperature  resources  are  present.  One  factor  not  yet 
evaluated  is  that  the  alkali-metals  and  alkaline-metals-alkaline-earth  geothermorneters  are 
based  on  sodium-chloride  brines.  The  dominant  brine  type  in  the  area  of  warm  waters  around 
Twentynine  Palms  is  sodium  sulfate.  The  effect  of  this  brine  on  predicted  geothermal 
reservoir  temperatures  is  unknown. 


WATER  GEOCHEMISTRY 

Overall  water  geochemistry  was  reviewed  to  see  if  areas  of  possible  mixing  between 
shallow  and  deep  (geothermal)  waters  could  be  located.  Chemical  analyses  of  waters  in  the 
Twentynine  Palms  area  were  obtained  from  Bader  and  Moyle  (I960),  Moyle  (1967),  Combs 
(1973),  Schaefer  (1978),  and  Freckleton  (1982).  To  compare  waters,  computer-plotted 
modified  Still  diagrams  were  used  (Figure  10).  The  Stiff  diagram  is  a  plot  of  elecrical 
milliequivalents  of  the  major  ^ations-sodium  plus  potassium,  magnesium,  and  calcium;  and 
the  anions-chloride  plus  fluoride,  sulfate,  and  bicarbonate  plus  carbonate.  The  shape  of  the 
Stiff  diagram  allows  visual  comparison  of  water  analyses.  Modified  Stiff  diagrams  allow 
determination  of  the  general  quality  of  the  analyses.  If  the  area  on  the  cation  (right-hand) 
side  of  the  diagram  is  approximately  equal  to  the  area  on  the  anion  (left-hand)  side,  the 
analysis  is  probably  good;  if  not,  it  is  definitely  poor  and  the  analysis  should  not  be  used  to 
calculate  chemical  geothermometers  or  to  make  other  hydrological  interpretations. 

The  most  common  alluvial  groundwaters  are  sodium-bicarbonate  waters  (Na  >  Ca  2 
Mg;  HCO3  +  CO3  >  Cl  +  F  >  SO4  Comparisons  between  constituents  are  made  in  electrical 
milliequivalents).  These  waters  are  typically  low  total  dissolved  solids  at  a  few  hundred 
milligrams  per  liter,  and  are  found  in  the  east-west  trending  developed  area  along  the 
Twentynine  Palms  highway  (Highway  62)  in  the  southern  part  of  the  studied  area,  north  of 
the  Pinto  Mountain  Fault. 
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(a)  Wall  Site  1N/6E-29N1  (12-28-56). 
Typical  calcium-bicarbonate  water. 
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(b)  Well  Site  1N/9E-7E1  (2-25-55). 

Typical  sodium-sulfate  (chloride)  water. 


5  -5 

(c)  Well  Site  1N/9E-1SN1  (5-5-54). 
Typical  sodium-bicarbonate  water. 


FIGURE  10.  Typical  Stiff  Diagrams  Indicating  Water 
Quality  From  the  Twentynine  Palms  Area. 
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The  second  most  common  groundwaters  are  the  sodium-sulfate  waters  (Na  +  K  S>  Ca 
>  Mg;  SO4  S>  Cl  >  HCO3).  These  waters,  found  north  of  the  sodium-bicarbonate  waters,  are 
of  poor  quality  and  are  generally  higher  in  total  dissolved  solids  with  high  concentrations  of 
fluoride. 

Two  possible  origins  for  the  sodium-sulfate  waters  exist,  of  which  the  more  probable  is 
Mesquite  Lake  playa.  Natural  sodium-sulfate  deposits  are  rare,  but  not  unknown.  For 
example,  in  climatic  periods  of  low  precipitation,  when  the  Great  Salt  Lake  in  Utah  has  a 
high  total-dissolved-solid  content,  the  mineral  mirabalite  (Na2SO4-10H2O)  precipitates  out 
of  the  brines  during  the  winter.  Above  32.4°C,  mirabalite  dehydrates  to  thenardite,  an 
anhydrous  sodium  sulfate  (also  known  as  Glauber’s  salt).  Beneath  the  silts  and  clays  that  lie 
on  the  bottom  of  the  Great  Salt  Lake  is  a  thick  section  of  alternating  clay  and  thenardite 
layers  deposited  in  a  cooler  Pleistocene  (or  Tertiary)  climate  (Eardley,  1962).  Thus,  it  is  quite 
possible  that  the  sediments  of  Mesquite  Lake  could  contain  sodium  sulfate  deposited  when  the 
climate  in  the  Twentynine  Palms  area  was  colder.  Mesquite  Lake  could  well  be  the  source  of 
the  sodium  sulfate  in  the  groundwaters. 

The  other  possible  origin  for  the  sodium-sulfate  waters  is  the  presence  of  a  high- 
temperature  geothermal  system.  Sodium-sulfate  waters  are  frequently  produced  by  the 
condensed  steam  in  high-temperatu-e  geothermal  systems.  The  data  in  hand  do  not  give  any 
indications  of  a  high-temperature  resource  at  depth  in  the  Twentynine  Palms  area. 
Geothermal  sodium-sulfate  brines  are  usually,  but  not  always,  "acid  sulfate”  brines  with  low 
pH  values.  As  an  example,  the  Coso  Hot  Springs  known  geothermal  resource  area  contains  a 
boiling  pot  with  a  pH  of  1.5;  however,  the  pH  of  Mesquite  Lake  subbasin  waters  is  between  7 
and  8. 


Waters  from  sample  sites  1N/9E-16G1  and  -17J1,  which  are  sodium-sulfate  carbonate 
waters  (Na  Ca  =  Mg;  SO4  =  CO3  >  Cl),  probably  represent  a  mixture  of  Twentynine 
Palms  Valley  basin  and  Mesquite  Lake  subbasin  waters. 

The  third  most  common  groundwaters  are  sodium-calcium-carbonate  (Na  >  Ca  >  Mg; 
HCO3  =  CO3  >  Cl  +  F  2  SO4)  waters  with  low  total  dissolved  solids.  This  type  of  water  is 
generally  found  in  the  southwestern  region  of  the  study  area. 

The  Deadman  Lake  subbasin  described  by  Schaefer  (1978)  has  complex  groundwater 
chemistry.  Schaefer  notes  that  the  waters  of  this  subbasin  are  of  poorer  quality  because  of 
their  higher  total  dissolved  solids  and  fluoride  than  those  of  the  southern  part  of  the  Surprise 
Spring  subbasin.  The  following  types  are  found  in  the  Deadman  Lake  subbasin:  ( I )  sodium- 
carbonate  water,  (2)  sodium-sulfate  water,  (3)  sodium-chloride-sulfate-carbonale  water 
(sampling  site  2N/8E-11B1;  no  Ca  or  Mg,  Cl  +  F  =  S04  =  HC03  -  C03),  (4)  sodium-sulfate- 
chloride  water  (sampling  site  2N/8E-29C1  and  -34D1;  Na  ?>  Ca,  Mg  =  0,  S04  >  Cl  +  F  > 
HCO3  +  CO3),  and  (5)  sodium-chloride-sulfate  water  (sampling  site  3N/8E-17L1,  Na  >  Ca, 
Mg  =  0,  Cl  +  F  >  SO4  S>  HCO3).  The  sodium-carbonate  brines  in  the  west-central  area  of 
Deadman  Lake  subbasin  (sampling  sites  3N/7E-36G1  and  -36K1)  probably  represent  inflow 
from  the  southern  portion  of  the  Surprise  Spring  subbasin  (Schaefer,  1978).  Sampling  sites 
are  too  sparse  to  allow  speculation  on  the  origins  or  significance  of  the  other  water  types. 

The  southern  Surprise  Spring  subbasin  waters  are  of  the  sodium-carbonate  type  The 
waters  of  northern  Surprise  Spring  basin  are  complex  chemically;  the  following  types  are 
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found:  (1)  sodium-calcium-chloride-sulfate-bicarbonate  water  (sampling  sites  3N/7E-18D1 
and  4N/6E-24M1;  Na  >  Ca  >  Mg,  Cl  +  F  >  SO4  P  HCO3  +  CO3),  (2)  calcium-sodium- 
chloride  water  (sampling  site  4N/6E-34E1;  Ca  >  Na  >  Mg,  Cl  +  F  >  SO4  P  HCO3  +■  CO3), 
(3)  calcium-sodium-magnesium-sulfate  water  (sampling  site  4N/6E-28R1;  Ca  >  Na  >  Mg, 
Cl  +  F  >  SO4  P  HCO3  t  CO3),  (4)  sodium-bicarbonate-chloride  water  (sampling  site  4N/6E- 
27D1;  Na,  Ca  =  0  =  Mg,  HCO3  +  CO3  >  Cl,  SO4  =  0),  and  (5)  a  sodium-chioride-sulfate 
bicarbonate  water. 

Trace  ions  that  are  frequently  important  either  as  components  or  indicators  of 
geothermal  brines  are  boron,  fluoride,  arsenic,  and  lithium.  No  data  on  arsenic  or  lithium 
contents  of  waters  near  Twentynine  Palms  are  available.  Both  boron  and  fluoride  exhibit 
distinct  highs  in  the  vicinity  of  the  warm  waters  in  the  eastern  half  of  T.  IN.,  R.9E. 


SITE-SPECIFIC  STUDIES:  MAIN  CAMP/ADMINISTRATION  AREA 


GRAVITY 

Geophysical  field  studies  at  the  Main  Camp/Administration  Area  of  MCAGCC  began 
in  April  1981,  when  data  from  373  gravity  and  ground-magnetic  stations  were  determined  in 
the  area  directly  west  of  Camp  Wilson,  including  the  Surprise  Spring  and  Sand  Hill  areas 
This  survey  was  expanded  in  March  1983  to  the  north,  east,  and  south  when  data  from  an 
additional  387  gravity  and  ground-magnetic  stations  were  recorded. 

The  760  gravity  stations  were  taken  at  existing  benchmarks  or  were  set  by  using  a 
Wild  T-l  theodolite  and  two  wide-faced  rods;  elevation  accuracies  were  better  than  0  4  foot. 
Gravity  was  measured  at  each  station  by  a  LaCoste  and  Romberg  gravity  meter  (Model  G-No 
144)  in  a  series  of  4-hour  drifts  with  checkpoints.  The  survey  was  tied  to  USGS  Bench  Mark 
A-726  near  the  Joshua  Tree  National  Monument  Visitors  Center.  Raw  station  data  were  then 
reduced  with  the  1967  latitude  correction  (Telford  and  others,  1976)  assuming  a  reduction 
density  of  2.40  g/cm3.  Terrain  corrections  were  taken  in  the  field  to  a  distance  of  175  feet 
(Zone  C  of  a  Hammer  chart  in  Dobrin,  1976),  then  with  a  computer  through  approximately 
72,000  feet  (Zone  M,  Dobrin,  1976). 

Appendix  B  lists  the  results  of  this  gravity  survey  in  tabular  form,  and  Figure  1 1  shows 
the  results  on  a  map  plotted  using  a  reduction  density  of  2.40  g/cm3  and  contoured  on  an 
interval  of  1  mgal.  The  map  shows  two  low  anomalies;  one  is  directly  west  of  the  Main 
Camp/Administration  Area  and  the  other  (unclosed)  is  northeast  of  Deadman  Lake.  Both 
lows  are  interpreted  as  being  caused  by  a  great  thickness  of  lower-density  sediments 
overlying  the  basement  in  basins  or  grabens.  In  the  southeast  a  steep  gravity  gradient 
(approximately  10  mgais/mi)  indicates  the  presence  of  the  West  Bullion  Mountain-Mesquite 
Lake  fault  zone,  which  defines  the  western  face  of  the  West  Bullion  Mountains.  West  of  the 
Main  Camp/Administration  Area  the  gravity  increases  more  subtly  until  it  crosses  the 
Surprise  Spring  Fault,  where  local  gravity  highs  define  the  Sand  Hill  area  and  the  extreme 
southern  part  of  Hidalgo  Mountain. 
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The  Navy’s  gravity  results  and  those  of  Moyle  (1984)  are  similar.  Moyle's  survey 
provided  more  aerial  blanketing  of  MCAGCC,  whereas  the  Navy’s  survey  provided  closer 
coverage  and  thus  finer  detail  in  some  areas.  One  important  value  that  Moyle  was  able  to 
determine  was  depch-to-basement  estimates,  and  therefore  thickness  of  sediment  west  and 
north  of  the  Main  Camp/ Administration  Area.  Using  information  from  wells  and  drill  holes 
scattered  throughout  the  study  area  (although  only  three  actually  penetrated  basement). 
Moyle  was  able  to  calculate  depths  of  slightly  over  4000  feet  beneath  Mesquite  Lake  Plava 
and  over  10,000  feet  beneath  Deadman  Lake  Playa.  Moyle  points  out  that  these  depths  could 
be  off  by  as  much  as  25%  and  believes  that  his  estimates  are  too  shallow.  If  this  is  so,  the 
sedimentary  thickness  beneath  Mesquite  Lake  Playa  could  be  as  much  as  5000  feet  and  the 
thickness  beneath  Deadman  Lake  Playa  as  much  as  13,000  feet. 


GROUND  MAGNETICS 

The  ground-magnetic  survey  used  a  Geometries  magnetometer  and  was  done  in 
conjunction  with  the  gravity  survey’s  760  data  points.  No  recording  base  station  was  used. 
The  data  were  smoothed  by  repetitive  recording  from  base  stations  and  checkpoints. 
Appendix  B  contains  all  data  on  the  ground-magnetic  survey  from  the  Main 
Camp/ Administration  Area. 

Figure  12  shows  the  results  of  the  ground-magnetic  survey.  The  map  of  the  ground- 
magnetic  survey  has  the  same  general  features  as  the  aeromagnetic  map  (see  Plate  1)  in  this 
area  of  MCAGCC  but  with  finer  detail,  including  the  deflection  of  the  magnetic  contours 
north  of  the  southern  boundary  line  of  the  Center.  The  magnetic  low  near  Deadman  Lake  is  a 
prominent  feature  of  the  ground-magnetic  map,  as  is  a  low  near  Mesquite  Lake  Playa  The 
interesting  feature  on  the  map,  however,  is  the  narrow  magnetic  high  that  trends  roughly 
N60°E  through  the  Main  Camp/ Administration  Area.  This  feature  may  be  interpreted  as  a 
buried  pipeline  or  powerline  running  along  one  of  the  magnetic  traverse  lines,  or  it  might  be  a 
shallow  intrusive  structure  such  as  a  dike.  The  fact  that  the  high  is  not  delineated  within  the 
Main  Camp/Administration  Area  on  the  aeromagnetic  map  seems  to  reinforce  that  it  is  a 
shallow  feature  with  the  aeromagnetic  signature  masked  by  the  overpowering  lower 
magnetic  field  strength  of  the  surrounding  sediment-filled  basins. 


FIELD  STUDIES:  THERMAL-GRADIENT  DRILLING 


Thermal-gradient  drilling  at  MCAGCC,  Twentynine  Palms  was  completed  entirely  on 
Marine  lands  based  upon  two  primary  reasons: 

1.  All  of  the  geothermal  projects  within  the  Navy,  whether  in  the  developmental  or 
planning  stages,  are  being  accomplished  through  third-party  contracting.  This  form  of 
contracting  allows  the  development  of  the  geothermal  resource,  which  is  located  on  Navy-  or 
Marine  Corps-controlled  lands,  by  a  private  contractor  using  only  the  contractor’s  funds.  In 
essence,  it  is  a  no-cost-to-the-Government  contract.  The  Government  simply  supplies  the 
resource. 
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2.  On  Naval  and  Marine  Corps  reservation  lands,  the  Commanding  Officer  of  the 
Western  Division,  Naval  Facilities  Engineering  Command  acts  as  the  Area  Geothermal 
Supervisor.  Although  all  geothermal  drilling  is  accomplished  under  applicable  geothermal 
resource  orders  (GROs),  this  assignment  of  responsibility  gives  the  Department  of  the  Navy 
direct  control  of  the  drilling  project. 

Although  any  drilling  that  might  have  been  done  off  MCAGCC-controlled  lands  in 
areas  that  had  shown  greater  evidence  for  a  hotter  or  shallower  resource  might  have 
benefited  other  governmental  agencies,  such  drilling  would  not  have  benefited  the  Marine 
Corps. 


Thermal-gradient  drilling  was  performed  at  MCAGCC  from  December  1983  through 
January  1984.  Seven  holes  were  drilled  as  part  of  a  cooperative  research  and  development 
program  jointly  funded  by  the  Navy  and  Department  of  Energy.  Drilling  sites  were  chosen  by 
the  Geothermal  Program  Office  (then  the  Geothermal  Utilization  Division)  at  NWC,  China 
Lake,  Calif.  All  sites  were  cleared  environmentally  by  qualified  personnel  from  China  Lake 
(Figure  13).  The  Division  of  Earth  Sciences,  University  of  Nevada,  Las  Vegas,  was  selected  to 
contract  and  observe  the  drilling  of  the  thermal-gradient  holes  (see  Trexler  and  others,  1984). 


SITE  SELECTION 

After  the  raw  data  were  reduced  and  interpreted  from  the  first  Deadman  Lake  survey 
of  April  1981,  five  drill  sites  were  located  near  Surprise  Spring  consisting  of  three  primary 
and  two  secondary  locations.  The  primary  sites  were  72-2,  11-10,  63-8,  T  2N  ,  R  7E  ;  the 
secondary  sites  were  12-13,  T.2N.,  R.7E.  and  26-34,  T.3N.,  R.7E.  (Figure  13).  These  sites  were 
chosen  primarily  from  the  geophysics  and  the  known  temperature  regime  within  and  south  of 
MCAGCC.  The  holes  were  located  to  straddle  the  Surprise  Spring  Fault.  With  the  expansion 
of  the  Deadman  Lake  survey  in  March,  1983,  seven  additional  sites  (78-33,  78-29,  45-28,  43 
20,  81-21,  T.2N.,  R.9E.;  13-4,  T.1N.,  R.9E.;  and  78-16,  T.2N.,  R.8E.)  were  located  in  and  near 
the  Main  Camp/Administration  Area  (Figure  13).  The  locations  of  these  sites  were  based  on 
geophysics  and  the  assumption  that  the  West  Bullion  Mountain/Mesquite  Lake  fault  zone 
could  be  acting  as  a  conduit  for  geothermal  fluids  into  the  Main  Camp/Administration  Area 
It  was  known  that  warm  geothermal  fluids  were  present  along  that  fault  trace  just  south  of 
the  Center. 

In  addition,  one  hole  was  tentatively  sited  in  the  Lavic  Lake  area,  just  south  of  the  lake 
itself  and  near  circular  low  aeromagnetic  and  gravity  anomalies  (see  Site-Specific  Studies: 
Lavic  Lake). 


HOLE-BY-HOLE  DRILLING 

Initially,  the  seven  sites  at  and  near  the  Main  Camp/ Administration  Area  were  chosen 
to  be  drilled.  However,  as  the  holes  were  drilled  it  became  obvious  that  alternate  drill  sites 
would  be  needed  to  determine  if  any  of  the  geothermal  fluids  located  south  of  MCAGCC 
extended  onto  the  Center.  The  following  discussion  is  a  brief  description  of  the  drilling  and 
the  thermal-gradient  measurements  at  each  drill  site.  The  rationale  for  changing  the  drilling 
plan  will  also  be  discussed.  All  descriptions  below  pertaining  to  drilling  and  recorded 
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temperatures  are  abstracted  from  Trexier  and  others,  1984.  No  funds  were  available  to  flow- 
test  the  holes  after  they  were  drilled,  and  no  attempt  was  made  to  unload  the  holes  to  retrieve 
possible  fluid  samples  for  chemical  analysis. 

Thermal  gradients  were  calculated  by  subtracting  the  mean  annual  surface 
temperature  at  Twentynine  Palms  of  67.5°F  (19.7°C)  from  the  bottom-hole  temperature,  then 
dividing  that  number  by  the  depth  of  the  drill  hole  (Reddick,  1983).  That  result  is  multiplied 
by  100  to  report  gradients  in  °F/100  ft. 

Thermal-Gradient  Hole  No.  1  (site  78-33,  T.2N.,  R.9E.)  (Figure  13)  was  drilled  on  the 
eastern  (upthrown)  side  of  the  West  Bullion  Mountain/Mesquite  Lake  fault  zone  to  a  total 
depth  of  880  feet  (268  m).  The  hole  encountered  quartz  monzonite  (bedrock)  at  640  feet 
(195  m).  Mud-return  temperatures  were  never  higher  than  81°F  (27°C).  The  thermal 
gradient,  as  measured  on  28  February  1984,  was  2.65°F/100  ft  (4  81°C/1Q0  m).  A  maximum 
temperature  of  91°F  (32.6°C)  was  measured  at  a  depth  of  880  feet  (268  m).  Figure  14 
graphically  depicts  the  lithology  and  thermal  gradient  from  hole  No.  1 . 

Thermal-Gradient  Hole  No.  2  (site  13-4,  T  IN.,  R.9E.)  (Figure  13)  was  drilled 
approximately  4500  feet  west  of  hole  No.  1,  on  the  southern  margin  of  Mesquite  Lake,  and  as 
near  to  the  Center’s  southern  boundary  line  as  possible.  It  was  hoped  that  geothermal  fluids 
migrating  along  the  Mesquite  Lake  Fault  would  be  encountered.  The  hole  was  drilled  to  a 
depth  of  1000  feet  (305  m),  did  not  encounter  bedrock,  and  had  maximum  mud-return 
temperatures  of  only  8l°F  (27°C).  Thermal-gradient  measurements  were  taken  on  14  and  28 
February  1984.  A  thermal  gradient  of  1.82°F/100  ft  (3.3°C/100  m)  was  observed  on  28 
February  with  a  maximum  temperature  of  85.6°F  (29.8°C)  at  total  depth  (1000  feet).  The 
thermal  gradient  and  lithologic  log  for  hole  No.  2  is  shown  in  Figure  15. 

Thermal-Gradient  Hole  No.  3  (site  78-29,  T.2N  ,  R.9E.)  (Figure  13)  was  drilled  1.3 
miles  to  the  north  of  hole  No.  2  and  within  the  large  gravity  gradient  that  defines  the  West 
Bullion  Mountain/Mesquite  Lake  fault  zone.  The  hole  was  completed  to  a  depth  of  1100  feet 
(335  m),  did  not  encounter  bedrock,  and  had  a  maximum  mud-return  temperature  of  86°F 
(30°C).  The  thermal  gradient  was  measured  on  13  and  18  February  1984  and  was  calculated 
at  2.  TF/100  ft  (3.8°C/100  m)  using  temperatures  from  the  later  date.  The  maximum  recorded 
temperature  was  90.5°F  (32.5°C)  at  1100  feet.  Lithologic  and  thermal-gradient  data  for  hole 
No.  3  are  shown  in  Figure  16. 

After  the  drilling  of  Thermal-Gradient  Hole  No.  3,  it  became  obvious  to  all  those 
involved  in  the  drilling  program  that  the  West  Bullion  Mountain/Mesquite  Lake  fault  zone 
was  not  channeling  any  geothermal  fluids  into  the  Main  Camp/Administration  Area. 
Personnel  from  the  Division  of  Earth  Sciences  and  the  Geothermal  Program  Office  decided  to 
drill  Thermal-Gradient  Hole  No.  4  at  site  81-21,  T.2N.,  R.9E.  (Figure  13),  on  the  eastern  side 
of  the  West  Bullion  Mountains.  Hole  No.  4  was  drilled  to  a  depth  of  920  feet  (280  m).  Drilling 
encountered  weathered  bedrock  at  approximately  740  feet  (226  m)  and  relatively  unaltered 
quartz  monzonite  at  890  feet  (271  m).  Maximum  temperature  measured  on  28  February  1984 
was  8TT  (30.7°C)  at  920  feet  (280  m).  The  temperature  gradient  was  calculated  as  2.2°F/100 
ft  (3.9°C/100  m).  Figure  17  shows  the  lithologic  and  temperature  information  from  hole  No.  4. 

Upon  the  completion  of  Thermal-Gradient  Hole  No.  4,  sites  45-28  and  43-20,  T.2N., 
R.9E.  (Figure  13)  were  dropped  from  the  drilling  program  because  it  had  become  apparent 
that  no  shallow  geothermal  fluids  were  obtainable  beneath  the  Main  Camp/Administration 
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Area.  Personnel  from  the  Division  of  Earth  Sciences  and  the  Geothermal  Program  Office 
decided  to  drill  78-16,  T.2N.,  R.3E.  and  to  request  permission  from  MCAGCC  to  enter  the  li'  e 
training  ranges  to  drill  one  hole  at  either  site  72-2  or  11-10,  T.2N\,  R.7E.  (Figure  13),  and  one 
hole  in  the  Lavic  Lake  area. 

Thermal-Gradient  Hole  No.  5  (site  78-16,  T.2N.,  R.8E.)  (Figure  13)  is  located  approxi¬ 
mately  4  1/2  miles  WNW  of  the  Main  Camp/ Administration  Area  and  only  50  feet  north  of  the 
southern  boundary  of  the  Center.  Hole  No.  5  was  sited  on  the  eastern  flank  of  a  relatively 
large  ground- magnetic  high  and  was  due  north  of  a  known  hot  domestic  well  in  the  Desert 
Heights  area  of  Twentynine  Palms.  Initially  the  hole  was  to  be  drilled  to  a  depth  of  1 100  feet 
(335  m),  but  at  940  feet  (287m)  a  drill-bit  change  was  required  and  circulation  was  lost  after 
reentering  the  hole.  Attempts  to  regain  circulation  failed,  compelling  Division  of  Earth 
Sciences  personnel  to  complete  the  hole  at  940  feet.  The  hole  was  drilled  entirely  in  sedi¬ 
ments;  maximum  mud-return  temperatures  were  93°F  (34°C)  during  drilling,  which  gave  a 
positive  indication  of  possible  geothermal  heat  at  a  shallow  depth.  Thermal-gradient 
measurements  were  made  on  15  and  28  February  1984.  The  highest  temperature  measured 
was  125°F  (51.6°C)  at  940  feet  (287  m)  on  15  February  1984,  giving  a  thermal  gradient  of 
6.1°F/100  ft  (11.1°C/100  m).  Figure  18  gives  lithologic  and  temperature  data  for  hole  No.  5 

During  the  drilling  of  Thermal-Gradient  Hole  No.  5,  permission  was  granted  to  enter 
the  southern  live  training  ranges  of  the  Center.  Permission  to  enter  the  Lavic  Lake  area  was 
understandably  denied  because  of  maneuvers  and  the  large  amount  of  unexploded  ordnance 
in  that  area.  Other  logistical  problems  associated  with  drilling  at  Lavic  Lake  would  have 
included  possible  road  building  and  the  large  distance  needed  to  transport  water  for  drilling 
use.  Therefore,  it  was  decided  to  drill  both  sites  72-2  and  11-10,  T.2N.,  R.7E.  in  the  southern 
training  ranges. 

Thermal-Gradient  Hole  No.  6  was  drilled  on  the  eastern  side  of  the  Surprise  Spring 
Fault  at  site  72-2,  T.2N.,  R.7E.  (Figure  13).  The  hole  was  drilled  to  a  depth  of  1095  feet 
(334  m)  in  sediments  and  gave  maximum  mud-return  temperatures  of  103°F  (39.4°C).  A 
maximum  temperature  of  153°F  (67.1°C)  was  recorded  at  1095  feet  (334  m)  on  27  February 
1984;  the  thermal  gradient  was  measured  at  7.8°F/100  ft  (14.2°C/100  m).  However,  the 
thermal  gradient  did  flatten  out  towards  the  bottom  of  the  hole  and  approached  2.0°F/100  ft 
(3.7T/100  m)  from  approximately  900  feet  to  total  depth.  Although  this  lower  thermal 
gradient  is  still  positive,  it  is  possible  that  the  hole  penetrated  the  Surprise  Spring  Fault  at 
about  900  feet  and  was  quenched  by  the  apparent  cooler  temperatures  on  the  western  side  of 
the  fault.  Another  interpretation  is  that  from  approximately  900  feet  to  total  depth  the  hole 
intersected  a  warm-water  aquifer.  There  is  a  slight  indication  that  temperatures  again  begin 
to  rise  at  total  depth.  Figure  19  shows  the  lithology  and  temperature  data  of  Thermal- 
Gradient  Hole  No.  6 

Thermal-Gradient  Hole  No.  7  was  drilled  about  l  1/2  miles  southwest  of  No.  6  at  site 
11-10,  T.2N.,  R.7E.  on  the  western  side  of  the  Surprise  Spring  Fault  (Figure  13).  The  hole  was 
drilled  through  sediments,  had  a  maximum  mud-return  temperature  of  73°F  (23°C),  and  was 
completed  at  a  depth  of  1060  feet  (323  m).  A  maximum  temperature  of  93°F  (33.9°C)  was 
measured  at  1060  feet  (323  m)  on  14  February  1984  with  no  appreciable  difference  when 
remeasured  on  27  February  1984  The  thermal  gradient  is  calculated  as  2.4°F/100  ft 
(4.4°C/100  m).  Figure  20  graphically  indicates  the  thermal  gradient  and  lithology  of 
Thermal-Gradient  Hole  No.  7. 
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FIGURE  13.  Location  of  Environmentally  Cleared  Drill  Sites 
at  MCAGCC,  Twentynine  Palms. 
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FIGURE  15.  Thermal-Gradient  Hole  No.  2-Lithologic  Log  and  Temperature-Depth 
Profile.  Modified  from  Trexler  and  others,  1984. 
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FIGURE  16.  Thermal-Gradient  Hole  No.  3-lithologic  Log  and  Temperature-Depth 
Profile.  Modified  from  Trexler  and  others,  1984. 
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FIGURE  17.  Thermal-Gradient  Hole  No.  4— Lithologic  Log  and  Temperature-Depth 
Profile.  Modified  from  Trexler  and  others,  1984. 
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FIGURE  18.  Thermal-Gradient  Hole  No.  5-Lithologic  Log  and  Temperature-Depth 
Profile.  Modified  from  Trexler  and  others,  1984. 
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FIGURE  19.  Thermal-Gradient  Hole  No.  6-Lithologic  Log  and  Temperature-Depth 
Profile.  Modified  from  Trexler  and  others,  1984. 
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FIGURE  20.  Thermal-Gradient  Hole  No.  7-Lithologic  Log  and  Temperature-Depth 
Profile.  Modified  from  Trexler  and  others,  1984. 
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DISCUSSION 

Both  measured  well  temperatures  and  chemical  geothermometry  indicate  the  presence 
of  a  low-temperature  geothermal  resource  between  the  town  of  Twentynine  Palms  and  the 
Marine  Corps  Air  Ground  Combat  Center  This  presence  has  been  verified  by  both  the  URS 
Corporation  (1985)  and  the  Geothermal  Program  Office  at  China  Lake.  However,  because  of 
the  lack  of  information  concerning  wells  drilled  on  MCAGCC  it  is  not  possible  .to  determine, 
using  these  methods,  the  exact  area  extent  of  the  resource  beneath  MCAGCC-controlled  lands 
near  the  Main  Camp/ Administration  Area.  However,  it  is  believed  that  at  least  4500  acres  of 
MCAGCC  lands  are  underlain  by  this  resource. 

Geophysics  performed  by  both  Moyle  (1984)  and  the  Geothermal  Program  Office 
indicate  large  geophysical  lineations  cutting  through  these  delineated  low-temperature 
resource  zones.  From  these  data,  it  appears  as  if  these  trends  could  be  local  faults  controlling 
the  flow  of  fluids.  These  trends  underlie  the  mapped  traces  of  the  West  Bullion  Mountain, 
Mesquite  Lake,  and,  to  some  extent,  the  Surprise  Spring  Faults. 

A  working  model  was  developed  in  which  mapped  geophysical  lineations  are 
considered  faults  that  act  as  conduits  providing  geothermal  fluids  from  the  south  to 
MCAGCC.  To  test  this  model  and  provide  more  information  concerning  the  subsurface 
temperature  regime  near  the  Main  Camp/Administration  Area,  the  Geothermal  Program 
Office  and  the  Department  of  Energy  drilled  seven  thermal-gradient  holes  at  MCAGCC 
Results  of  this  drilling  seem  to  indicate  that  fluids  from  the  low-temperature  resource  zones 
located  south  of  MCAGCC  are  not  being  channeled  into  the  Main  Camp/Administration  Area 
by  the  West  Bullion  Mountain  Fault  or  the  Mesquite  Lake  Fault.  However,  indications  are 
that  the  Surprise  Spring  Fault  has  some  control  of  geothermal  fluids  by  being  both  a  conduit 
and  a  barrier,  pooling  geothermal  fluids  east  of  the  fault.  It  is  not  certain  if  these  fluids  are 
migrating  north  along  the  fault  from  the  known  geothermal  resources  south  of  MCAGCC,  or 
if  the  fluids  are  migrating  from  an  unknown  resource  lying  north  of  the  area  in  an  unexplored 
region  of  the  Center. 


SITE  SPECIFIC  STUDIES:  LAVIC  LAKE 


HYDROLOGY 

Main  hydrological  studies  of  the  Lavic  Lake  area  were  done  by  Thompson  (1929)  and 
Moyle  (1967).  Thompson  reported  on  a  well  located  a  short  distance  from  a  lava  flow  that 
defined  the  southern  end  of  the  Lava  Bed  Mountains  (Figure  21).  This  well  provided  water  to 
the  Sunshine  Mine  and  is  located  in  Section  4,  T.6N.,  R.6E.  The  depth  of  the  well  (presumably 
in  1917)  was  reported  to  Thompson  as  being  between  120  and  i30  feet,  and  depth  to  water  was 
85  feet.  The  well  was  reported  to  yield  25  to  30  gallons  a  minute  without  any  appreciable 
drawdown.  The  water  quality  from  the  well  was  highly  mineralized  with  1679  parts  per 
million  total  dissolved  solid.  Main  constituents  were  sodium  sulfate,  chloride,  and  some 
reported  arsenic. 
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FIGURE  21.  Location  of  Well  6N/6E-4G1  Near  Lavic  Lake. 


Thompson  also  reports  on  a  well,  known  as  the  Sutter  well,  located  about  4.5  miles 
southeast  of  the  old  town  of  Lavic  (about  3.5  miles  north  of  Lavic  Lake).  The  well  was 
apparently  located  in  some  rocky  hills,  not  in  the  alluvium-filled  valley,  and  was  72  feet  deep 
with  depth  to  water  at  64  feet.  The  well  was  said  to  have  yielded  close  to  200,000  gallons  of 
water  in  24  hours.  No  information  on  water  quality  was  reported. 
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A  third  well  reported  by  Thompson  is  located  on  the  west  side  of  Lavic  Lake, 
approximately  in  Section  20,  T.7N.,  R.8E.  The  well  was  reported  to  be  59  feet  deep  and,  on  9 
February  1918,  water  was  measured  at  53  feet  beneath  the  level  of  the  ground.  Thompson 
was  unable  to  obtain  a  water  sample  for  analysis. 

Waring  (1915)  and  Moyle  (1967)  report  on  a  spring  known  as  Peacock  Spring  located 
about  10  miles  south  of  the  town  of  Lavic  in  Section  20,  T  6N  ,  R  6E.  The  spring  was  flowing 
(about  1  gallon  per  minute)  in  1910  but  has  since  dried  up.  Temperature  of  the  spring  was 
reported  to  be  55°F  (Waring,  1915). 

Thompson  reports  that  the  water  table  lies  at  50  feet  below  Lavic  Lake.  He  believed 
that  there  must  be  an  underground  drainage  to  the  northwest  of  Lavic  Lake  to  explain  what 
he  considered  a  deep  water  table.  In  such  a  drainage,  the  water  would  drain  through  alluvial 
deposits  that  lie  beneath  the  lava  flows  of  Pisgah  Crater  to  Troy  Dry  Lake,  located  northwest 
of  the  lava  flow.  To  substantiate  his  theory,  Thompson  noted  that  the  water  level  in  the 
Sunshine  Mine  well  in  Lavic  Lake  Valley  was  80  feet  higher  than  the  water  level  beneath 
Troy  Dry  Lake.  This  gives  a  gradient  of  only  6  feet  per  mile  between  the  two  playas. 


WELL  TEMPERATURES  AND  CHEMICAL  GEOTHERMOMETERS 

As  reported  before,  the  only  water  sample  available  for  analysis  from  the  Lavic  Lake 
area  was  taken  27  November  1917  from  well-site  6N/6E-4G1  This  well  provided  water  for 
the  Sunshine  Mine  (Kenton  Mill?)  and  the  water  was  of  the  sodium-sulfate-chloride  type.  The 
quartz-conductive-cooling  geothermometer  gave  a  temperature  for  that  analysis  of  89°C,  the 
Na-K-Ca  geothermometer  gave  117°C,  and  the  Na-K-Ca  geothermometer  corrected  for 
magnesium  gave  83°C.  Thus,  the  chemical  geothermometry  indicates  a  possible  90°C  + 
resource  in  the  Lavic  Lake  area. 

For  comparison,  waters  from  the  Amboy  Crater  area,  northeast  of  the  Center  and  40 
miles  east  of  Lavic  Lake,  include  a  pure  sodium-chloride  brine  (sampling  site  6N/12E-29P1; 
with  high  total  dissolved  solids),  an  impure  sodium-chloride  brine  (sampling  sites  6N/1 1E- 
30G1  and  6N/12E-35F1;  with  minor  calcium,  magnesium,  and  sulfate  with  no  bicarbonate  or 
carbonate),  and  a  sodium-calcium-sulfate  water  (sampling  site  6N/12E-32A1;  Na  +  K  2  Ca 
>  Mg,  S04  >  Cl  +  F  >  HC03  +  C03). 

GEOPHYSICAL  STUDIES 
Gravity 

Geophysical  field  studies  in  the  Lavic  Lake  area  were  conducted  in  September  1982 
and  consisted  of  combined  gravity  and  ground-magnetic  surveys  taken  at  214  stations 
Extreme  care  had  to  be  taken  in  these  surveys  because  of  the  large  amount  of  ordnance-both 
exploded  and  unexploded-that  was  strewn  about  the  Lavic  Lake  bombing  range.  Other 
obstacles  that  prevented  station  spacing  on  the  surveys  as  tight  as  desired  included  washed- 
out  roads  and  deep  mud  caused  by  summer  thunderstorms. 

As  in  the  gravity  survey  at  the  Main  Camp/Administration  Area,  the  gravity  stations 
at  Lavic  Lake  were  either  located  at  existing  benchmarks  or  set  by  use  of  surveying 
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equipment.  Gravity  was  measured  at  each  station  by  the  Model  G-No.  144  LaCoste  and 
Romberg  gravity  meter  in  a  series  of  4-hour  drifts  with  checkpoints.  The  survey  was  tied  to 
Station  CH293  (U  S.  Coast  and  Geodetic  Survey  Bench  Mark  Y-161)  of  the  California  Gravity 
Base  Station  Network  (Chapman,  1966)  in  Ludlow,  Calif.  Raw  station  data  were  then 
reduced  with  the  1930  latitude  correction  (Telford  and  others,  1976),  assuming  a  reduction 
density  of  2.40  g/cm3.  As  before,  terrain  corrections  were  taken  in  the  field  to  a  distance  of 
175  feet,  then  with  a  computer  through  approximately  72,000  feet. 

Appendix  C  lists  the  results  of  the  Lavic  Lake  gravity  survey  in  tabular  form,  and 
Figure  22  shows  the  results  on  a  map  plotted  using  a  reduction  density  of  2.40  g/cm3  and 
contoured  on  an  interval  of  1  mgal.  The  most  obvious  feature  on  the  map  is  the  emergence  of 
an  unclosed  gravity  low  directly  south  of  Lavic  Lake.  While  the  survey  spacing  was  not  tight 
enough  to  provide  fine  detail,  the  gravity  low  anomaly  definitely  has  circular  dimensions. 
The  anomaly  itself  is  probably  the  result  of  a  thick  sequence  of  low-density  sediments 
overlying  the  basement,  but  it  is  not  certain  if  the  defining  feature  was  caused  by  faulting 
that  formed  a  structural  basin  or  by  the  collapse  of  a  volcanic  vent. 

Gravity  highs  are  located  to  the  northeast  and  northwest  of  the  gravity  low.  The  cause 
of  the  unclosed  gravity  high  to  the  northeast  is  uncertain  but  probably  is  the  Pliocene  basalts 
of  the  Lava  Bed  Mountains  as  mapped  by  Dibblee  (1966),  whereas  the  high  gravity  ridge  to 
the  northwest  is  attributable  to  Tertiary  dacite  porphyry  near  Sunshine  Peak.  The  basalt 
flows  of  Pisgah  and  Sunshine  Craters  appear  to  have  a  very  slight  low-gravity  signature 
associated  with  them,  probably  because  the  flows  are  thin. 


Ground  Magnetics 

The  ground-magnetic  survey  at  Lavic  Lake  was  performed  in  the  same  manner  as  the 
one  at  the  Main  Camp/Administration  Area.  Appendix  C  contains  all  data  on  this  ground- 
magnetic  survey. 

Figure  23  shows  the  results  of  the  Lavic  Lake  survey.  The  map  is  somewhat  hard  to 
interpret  because  of  the  lack  of  closely  spaced  stations  over  much  of  the  survey  area.  In 
comparison  with  the  aeromagnetic  survey,  the  ground-magnetic  survey  produced  numerous 
moderate  magnetic  highs  not  seen  from  the  air.  This  is  again  because  of  the  finer  detail  of  the 
ground  survey.  The  ground-magnetic  map  shows  a  roughly  north-south  trend  of  magnetic 
highs  along  the  east-central  portion.  The  northeastern  high,  although  small,  is  thought  to  be 
caused  by  the  basalts  of  the  Lava  Bed  Mountains.  The  larger  magnetic  high  beneath  Lavic 
Lake  is  probably  resultant  from  either  a  shallow  buried  basalt  flow  of  Pisgah  or  Sunshine 
Craters,  or  from  a  buried  volcanic  plug  beneath  the  lake.  The  low-magnitude  magnetic  high 
south  of  Lavic  Lake,  directly  over  the  large  gravity  low  discussed  in  the  Gravity  section  of  this 
report,  is  ambiguous.  This  high  is  probably  attributable  to  rock  type,  but  could  also  be 
accounted  for  by  the  large  amount  of  ordnance  in  the  area  as  well  as  the  existence  of  mining 
paraphernalia  left  at  Kenton  Mill.  In  the  western  portion  of  the  map,  the  magnetic  signature 
decreases  from  north  to  south  across  the  Sunshine  Peak  area.  The  magnetic  high  north  of 
Sunshine  Peak  is  caused  by  the  basaltic  flows  of  Pisgah  Crater. 
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is  1  mgal;  contour  values  equal  measured  values  plus  150  mgal.  Reduction  density  is 
2.40  g/cmJ. 
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DISCUSSION 

Evidence  for  the  occurrence  of  a  geothermal  resource  at  or  near  Lavic  Lake  is  based  on 
few  available  data.  A  single  chemical  geothermometry  point,  calculated  from  analysis  of 
waters  taken  from  the  Sunshine  Mine  well,  indicates  a  resource  temperature  of  between  90 
and  about  120°C.  Gravity  studies  indicate  that  the  area  directly  south  of  Lavic  Lake  gives  the 
appearance  of  a  large  structural  basin  or  collapsed  volcanic  feature.  The  site  lies  in  close 
proximity  to  very  recent  basaltic  craters  (Pisgah,  Amboy)  that  lie  roughly  in  an  east-west 
trend.  This  trend  passes  through  the  Lavic  Lake  area.  If  Pisgah  Crater  exists  because  of  a 
weakness  in  the  crust  caused  by  the  intersection  of  this  east-west  trend  with  the  N40°W  trend 
as  defined  by  aeromagnetics,  it  is  possible  that  residual  heat  of  this  recent  volcanic  action  still 
exists  at  depth  beneath  the  Lavic  Lake  area. 


CONCLUSIONS  AND  RECOMMENDATIONS 


MAIN  CAMP/ADMINISTRATION  AREA 

The  data  strongly  indicate  that  a  geothermal  resource  is  present  at  drillable  depths 
approximately  8  miles  WNW  of  the  Main  Camp/Administration  Area  of  MCAGCC.  This 
resource  has  a  minimum  temperature  of  67°C  (153°F)  and  encompasses  at  least  4500  acres  of 
MCAGCC-controlled  lands  between  the  Surprise  Spring  and  Mesquite  Lake  Faults.  The  data 
further  indicate  that  this  resource  extends  south  toward  the  town  of  Twenty  nine  Palms.  This 
extension  has  been  verified  by  both  this  study  and  a  study  by  the  URS  Corporation  (1985). 

The  limits  and  total-area  extent  of  the  geothermal  resource  are  not  known.  Thermal- 
gradient  drilling  showed  that  the  geothermal  fluids  present  are  not  migrating  north  into 
MCAGCC  along  the  West  Bullion  Mountain  Fault  from  the  Pinto  Mountain  Fault  area 
Geothermal  fluids  may  be  migrating  north  or  south  along  both  the  Mesquite  Lake  Fault  and 
the  Surprise  Spring  Fault  but  the  data  in  hand  are  not  sufficient  to  reveal  from  which 
direction.  The  data  enable  us  to  define  with  reasonable  confidence  the  southern  extent  of  the 
geothermal  resource,  but  the  northern  extent  of  the  resource  is  undetermined. 

The  data  suggest  that  the  heat  source  of  the  know:,  resource  could  lie  within 
MCAGCC-controlled  lands  though  outside  the  area  that  has  been  explored  in  detail  for 
geothermal  resources.  It  is  possible  that  the  near-surface  characteristics  of  th  geothermal 
resource  delineated  in  the  vicinity  of  the  Surprise  Spring  Fault  are  actually  leakage  from 
adjacent  hotter,  deeper  geothermal  reservoirs.  Examination  of  the  gravity  and  magnetic  data 
gathered  reveals  the  presence  of  a  large  and  deep  sedimentary-filled  structural  basin  centered 
immediately  north  of  Deadman  Lake.  This  same  type  structure  elsewhere  within  the  Basin 
and  Range  geologic  province  has  provided  the  mechanism  for  large-scale  geothermal 
convection  cells  to  form,  which  elevate  natural  fluids  to  temperatures  in  excess  of  I50°C 
providing  economically  developable  deposits. 

The  Geothermal  Program  Office  makes  the  following  recommendations  for  further 
delineation  of  the  size,  depth,  and  producibility  of  the  resource  near  the  Main 
Camp/Administration  Area: 
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1.  To  obtain  temperature  data  we  suggest  pumping  out  the  water  in  the  2.5-inch 
black-iron  pipe  casing  within  the  seven  thermal-gradient  holes,  then  knocking  the  bottom  out 
of  the  empty  casing.  Removing  the  bottom  of  the  casing  will  allow  the  former  gradient  holes 
to  fill  with  natural  groundwater,  if  present.  After  the  groundwater  has  reached  its  natural 
level  within  the  casing,  water  samples  will  be  obtained  for  chemical  analysis.  This  chemical 
analysis  will  allow  the  determination  of  the  resource  temperatures  using  conventional 
geothermometry  and  will  allow  modeling  to  be  conducted  to  determine  flow  and  mixing 
patterns  in  the  potential  reservoir. 

2.  A  complete  geologic  reconnaissance  should  be  carried  out  north  of  the  known 
resource  area  including  the  West  Bullion  Mountains  and  Hidalgo  Mountain  This  study  will 
be  designed  to  locate  and  map  alteration  and  mineralization  patterns,  and  to  collect 
additional  water  samples.  The  information  gathered  in  this  study  will  enable  mapping  of 
fluid  movement  and  identification  of  geochemical  processes  that  have  occurred  This 
exploration  process  will  identify  the  hydrothermal  history  of  the  area  and  provide  an 
indication  of  the  northern  limit  and  the  subsurface  temperature  of  the  geothermal  resource  in 
the  Main  Camp/Administration  Area. 

The  results  of  the  studies  proposed  in  these  conclusions  will  determine  the  need  for  any 
further  geothermal  exploration  beyond  that  outlined  in  this  report.  If  we  are  moderately 
successful  in  the  proposed  field  work,  the  exploration  effort  will  shift  to  the  drilling  of 
thermal-gradient  holes  for  final  verification  of  the  resource  quality.  To  expedite  this  drilling, 
the  black-iron  casing  in  Thermal-Gradient  Holes  No.  5  and  No.  6  can  be  pulled  and  the  holes 
deepened. 


LA  VIC  LAKE 

The  presence  of  a  possible  high-grade  geothermal  resource  in  the  vicinity  of  Lavic  Lake 
is  indicated  by  recent  adjacent  vulcanism  (Pisgah  Crater);  moderately  high  temperatures 
derived  from  geothermometry  (90°C  +  )  using  water  from  the  Lavic  Lake  area;  strong 
structural  lineations  shown  by  geophysical  studies;  and,  most  important,  a  localized 
geophysical  signature  that  can  be  interpreted  as  a  buried  volcanic  feature  typical  of  some 
geothermal  reservoirs. 

Because  there  is  no  way  to  directly  test  subsurface  temperatures  in  the  Lavic  Lake 
structure,  we  recommend  drilling  at  least  one  deep  thermal-gradient  hole  in  the  vicinity  of 
Kenton  Mill  (Figure  21),  immediately  south  of  Lavic  Lake  but  within  the  structure  of 
interest  This  hole  will  provide  a  temperature-depth  profile  for  the  area  and  will  provide  an 
opportunity  to  sample  subsurface  fluids  known  to  be  present. 

We  also  recommend  a  further  geologic  reconnaissance  of  the  Lava  Bed 
Mountains-Sunshine  Peak-Pisgah  Crater  region  to  identify  in  detail  the  alteration  and 
mineralization  patterns  that  may  indicate  the  presence  of  a  young,  shallow,  hydrothermal 
system  beneath  Lavic  Lake. 

We  believe  that  these  studies  should  be  done  soon,  so  that  given  the  energy  shortages 
now  predicted  by  the  utility  industry  for  the  mid-  to  late  i990s  (assuming  no  oil  crises  sooner 
than  that),  the  Marine  Corps  will  be  in  a  position  to  assess  both  energy-driven  encroachment 
threats  to  the  use  of  the  range  area  and  the  potential  for  major  cost  savings  for  the  Center 
itself. 
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Appendix  A 

TWENTYNTNE  PALMS  GEOTHERMOMETRY  1917  to  1983 


Figure  A-l  shows  the  relationship  of  a  township,  section,  and  subdivision  for  locating 
well  sites  using  the  U  S.  Geological  Survey  well-numbering  system.  Table  A-l  presents 
geothermometry  data  from  wells  in  the  Twentynine  Palms  area  from  1917  to  1983  The 
location  of  each  well  is  presented  in  the  format  of  the  L'SGS  well-numbering  system. 

The  USGS  well-numbering  system  used  in  California  indicates  the  location  of  wells 
according  to  the  rectangular  system  for  the  subdivision  of  public  land.  This  rectangular 
system  is  based  on  divisions  called  townships,  which  are  36  square  miles  and  are  numbered 
according  to  their  relationship  to  a  base  line  and  a  meridian.  In  Figure  A-l,  the  San 
Bernardino  Base  Line  provides  the  north-south  reference  and  the  San  Bernardino  Meridian 
provides  the  east-west  reference.  For  example,  T  IN.,  R.5E  is  one  township  north  of  the  San 
Bernardino  Base  Line  and  is  five  townships  east  of  the  San  Bernardino  Meridian. 

Well  numbering  follows  the  township-numbering  system  and  uses  further,  more 
specific,  designations.  Figure  A-l  shows  the  location  of  well  number  1N75E-29L1;  the  first 
numbers  and  letters  designate  the  township  (T.1N.)  and  the  range  (R.5E  );  the  third  number 
gives  the  section  (sec.  29);  and  the  letter  indicates  the  40-acre  subdivision  of  the  section.  The 
final  digit  is  the  serial  number  assigned  to  this  particular  well;  the  wells  in  each  40-acre 
subdivision  are  given  serial  numbers  to  identify  them  within  that  subdivision. 
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FIGURE  A-1.  Diagram  Showing  Relationship  of  Township,  Section,  and  Subdivision 
for  Locating  Well  Sites  Using  USGS  Well-Numbering  System. 
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Appendix  B 

PRINCIPAL  GRAVITY  AND  MAGNETIC  DATA,  MAIN 
CAMP/ADMINISTRATION  AREA 


Table  B-l  presents  the  principal  gravity  and  magnetic  data  gathered  from  the  Main 
Camp/ Administration  Area  at  MCAGCC,  Twentynine  Palms.  Total  amounts  listed  under  the 
terrain  correction  heading  may  not  equal  the  sum  of  the  inner  zone  and  outer  zone  terrain 
corrections  because  of  rounding. 


TABLE  B-1.  Principal  Gravity  and  Magnetic  Data,  Main  Camp/Administration  Area. 
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TABLE  B-1.  (Contd.) 


T 


T 


NWC  TP  6747 


I 


i 

* 

f 


I 


w* 

s 

c 

01 

o 

O 

o 

© 

o 

© 

© 

© 

© 

© 

© 

O 

© 

© 

O 

© 

© 

© 

© 

© 

© 

© 

© 

© 

O 

© 

© 

© 

© 

cfl 

pn 

pv 

© 

<7 

fN 

CM 

© 

4— 

PM 

ad 

d 

CM 

© 

o 

ad 

n 

«— 

d 

© 

77 

1— 

4— 

*— 

PM 

CD 

d 

PM 

£ 

E 

O 

<7 

as 

CO 

u-» 

«7 

Pn 

© 

<30 

rN 

<7 

© 

CO 

co 

© 

CO 

© 

CO 

© 

PN 

PM 

<7 

© 

E 

<7 

© 

© 

© 

M 

m 

© 

PM 

O 

© 

O 

© 

© 

© 

as 

© 

PM 

PM 

PM 

PM 

PM 

PM 

CM 

PM 

PM 

O 

O 

O 

© 

© 

© 

O 

© 

© 

o 

© 

© 

Q 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

© 

© 

© 

© 

© 

n 

in 

n 

in 

in 

«7 

<7 

© 

© 

© 

© 

© 

© 

© 

© 

u 

£ 

0 

o 

o 

Pn 

PM 

in 

00 

<0 

P-. 

PM 

© 

© 

© 

© 

^7 

PN 

© 

pm 

© 

<7 

O 

77 

© 

77 

PM 

77 

© 

© 

77 

<7 

© 

*7 

in 

in 

© 

© 

PN 

© 

© 

© 

d 

d 

© 

© 

© 

sO 

d 

sb 

sb 

SO 

© 

© 

77 

77 

PM 

CO 

00 

OO 

00 

CO 

00 

CO 

© 

© 

CO 

ao 

CO 

CO 

CO 

00 

© 

© 

© 

© 

© 

CO 

CO 

ao 

00 

CO 

ao 

CO 

<30 

CO 

ol  'T* 

D  C 

o»-y 

rs. 

in 

in 

sO 

sO 

m 

© 

© 

© 

© 

© 

_ 

CM 

© 

© 

© 

© 

© 

© 

© 

77 

© 

PM 

CO 

®  Ml 

SO 

_ 

PM 

PM 

CM 

PM 

pn 

© 

«7 

in 

sb 

© 

© 

PN 

PN 

PN 

PN 

Pn 

77 

77 

<7 

77 

77 

© 

pn 

rn 

PM 

pm 

© 

© 

a* 

as 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

*  « 

* 

1 

1 

1 

1 

* 

* 

1 

* 

a  e 

£  O 

o  s 

|N 

o 

<7 

sO 

© 

c 

© 

PN 

— 

_ 

© 

rN 

r- 

«7 

© 

© 

PN 

© 

sO 

© 

77 

© 

© 

© 

PN 

PM 

CM 

rn 

PM 

,— 

© 

© 

rn 

«7 

*7 

in 

© 

<N 

ad 

ad 

© 

© 

© 

© 

© 

© 

<7 

77 

77 

77 

77 

pn 

pn 

PM 

PM 

pm 

pn 

» 

r~ 

t 

rN 

i 

fN 

1 

fN 

1 

Pn 

fN 

« 

Pv 

1 

Pn 

1 

Pn 

l 

PN 

1 

PN 

1 

PN 

\ 

PN. 

1 

PN 

1 

Pn 

l 

PN 

1 

op 

CO 

PN 

IN 

1 

IN 

1 

Pn 

PN 

1 

Pn 

1 

PN 

1 

PN 

1 

fN 

PN 

1 

*<TJ 

PM 

Os 

PM 

© 

© 

PM 

© 

«7 

© 

© 

© 

© 

© 

© 

PM 

ao 

ao 

PN 

sO 

00 

sO 

PN 

CO 

ao 

pm 

pm 

PM 

PM 

CM 

PM 

PM 

PM 

<M 

CM 

CM 

PM 

CM 

PM 

PM 

PM 

PM 

PM 

PM 

•— 

+— 

*— 

•— 

•— 

<r~ 

*— 

*— 

•— 

C 

O 

o 

O 

d 

d 

O 

© 

© 

© 

O 

© 

d 

d 

d 

© 

© 

© 

o 

© 

© 

© 

© 

d 

© 

© 

© 

© 

© 

d 

© 

C  “ 

Cl)  £ 

i  £ 

g 

o 

o 

© 

O 

§ 

© 

© 

g 

o 

© 

g 

© 

© 

o 

g 

© 

© 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

*<  c 

o 

© 

© 

© 

o 

© 

© 

© 

o 

© 

© 

© 

© 

© 

© 

o 

© 

© 

O 

© 

© 

© 

© 

d 

c«‘ 

3  O 

o  ~ 

o 

o 

© 

© 

© 

© 

d 

d 

d 

© 

© 

d 

d 

d 

d 

© 

© 

© 

© 

d 

d 

© 

o 

d 

d 

d 

o 

© 

© 

-  <N 

W 

<v 

£  * 

CM 

Os 

CM 

PM 

© 

PN 

© 

© 

© 

© 

© 

© 

© 

© 

© 

PM 

ao 

PN 

Pn 

sO 

PN 

sO 

IN 

co 

co 

c  § 

pm 

PM 

CM 

*M 

PM 

CM 

PM 

PN 

PN 

CM 

© 

PM 

PM 

**■ 

PM 

PM 

CM 

PM 

•— 

* - 

*— 

*“ 

• — 

•— 

•— 

*— 

=  2 

o 

o 

© 

© 

d 

© 

© 

© 

© 

d 

d 

© 

© 

d 

d 

d 

© 

d 

© 

© 

© 

© 

© 

© 

d 

O 

© 

© 

© 

© 

o 

2 

oo 

fN 

© 

n 

r-N 

© 

© 

<7 

© 

© 

in 

_ 

CO 

© 

_ 

© 

77 

© 

© 

PM 

_ 

© 

oo 

© 

CO 

© 

sO 

o 

© 

~~ 

© 

© 

© 

*— 

•— 

© 

ao 

© 

PM 

© 

in 

*— 

PM 

•— 

00 

sO 

ao 

77 

© 

rv' 

PM 

CM 

PM 

in 

© 

© 

PN 

© 

r— 

PM 

»— 

d 

© 

r- 

PN 

pn 

«7 

© 

77 

PM 

© 

PN 

sb 

pn 

© 

© 

77 

pn 

<7 

<7 

•7 

77 

<7 

*7 

in 

in 

in 

in 

in 

in 

in 

in 

in 

© 

© 

© 

77 

© 

© 

© 

© 

© 

© 

© 

© 

E 

C 

<7 

*7 

77 

<7 

<7 

<7 

7 

7 

7 

*7 

<7 

«7 

<7 

7 

<7 

77 

77 

77 

<7 

77 

77 

77 

77 

77 

77 

77 

© 

Os 

as 

Os 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

5 

pn 

fN 

r* 

r- 

r*. 

Pn 

in 

Pn 

Pn 

PN 

Pn 

PN 

PN 

PN 

PN 

Pn 

Pn 

PN 

PN 

Pn 

Pn 

PN 

PN 

PN 

PN 

IN 

IN 

fN 

PN 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

c 

CM 

O 

SO 

<7 

© 

sO 

«7 

in 

© 

© 

© 

in 

ao 

© 

© 

© 

© 

PN 

© 

PM 

© 

PN 

Pn 

sO 

PN 

77 

© 

© 

sO 

in 

© 

© 

00 

00 

PM 

© 

in 

© 

© 

«— 

PN 

in 

© 

© 

<7 

CO 

CO 

© 

© 

sO 

77 

PM 

ao 

*— 

SO 

© 

PM 

«-» 

CNJ 

O 

as 

CM 

rn 

rN 

© 

PM 

T— 

© 

© 

«— 

PM 

<7 

d 

r* 

sb 

cd 

PN 

77 

© 

oo 

© 

© 

pn 

© 

PM 

PM 

Pn 

© 

© 

SO 

00 

CO 

© 

<7 

PM 

© 

© 

PN 

77 

PM 

© 

77 

sO 

© 

Pn 

pm 

© 

© 

© 

CM 

PM 

© 

© 

© 

© 

© 

© 

PM 

© 

© 

© 

© 

© 

© 

© 

UJ 

PM 

PS* 

<M 

CM 

CM 

PM 

CM 

PM 

PM 

PM 

PM 

PM 

CM 

PM 

PM 

PM 

PM 

PM 

CM 

PM 

PM 

CM 

PM 

PM 

PM 

CM 

PM 

CM 

PM 

in 

fN 

PM 

m 

in 

m 

in 

pn 

Pn 

PN 

00 

PM 

© 

© 

© 

© 

© 

PM 

© 

CD 

© 

© 

© 

© 

© 

© 

© 

© 

•s 

•— 

O 

CM 

© 

© 

CO 

pn 

sO 

© 

<7 

PM 

•— 

00 

© 

7 

PM 

© 

CO 

© 

© 

sO 

so 

SO 

SO 

sO 

sO 

SO 

sO 

SO 

5 

rn 

© 

m 

nci 

Psl 

PM 

PM 

PM 

PM 

CM 

PM 

PM 

«— 

*- 

•— 

r- 

© 

© 

© 

PM 

CM 

PM 

PM 

CM 

PM 

PM 

PM 

PM 

•“ 

*— 

*“ 

•“ 

p" 

*— 

*” 

7“ 

•“ 

*“ 

•— 

*— 

*“ 

© 

sO 

SO 

sO 

sO 

to 

sO 

sO 

sO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

sO 

SO 

SO 

sO 

sO 

sO 

sO 

sO 

sO 

SO 

o 

•“ 

*- 

P“ 

«- 

- 

- 

- 

oo 

© 

in 

r*. 

© 

fN 

PM 

in 

PM 

CO 

in 

PM 

O 

PN 

© 

© 

© 

PM 

CO 

CO 

O 

© 

fN 

PM 

-K 

<7^ 

iM 

© 

© 

© 

Pv 

SO 

© 

© 

© 

© 

o 

O 

© 

© 

© 

CO 

77 

© 

**■ 

© 

PN 

SO 

77 

PM 

© 

5 

pn‘ 

00 

ao 

00 

ad 

rN 

Pv 

Pn 

PN 

Pn’ 

PN 

ao 

cd 

ad 

oo 

cd 

ad 

00 

ao 

Pn’ 

PN 

PN 

im 

PN 

SO 

sb 

d 

d 

d 

** 

*“ 

*“ 

*— ■ 

•— 

•” 

*— 

*— 

*- 

<T 

«T 

<r 

«7 

77 

<7 

<7 

<7 

<7 

«7 

<7 

7 

7 

7 

•7 

<7 

<7 

*7 

77 

77 

77 

77 

77 

77 

<7 

77 

© 

© 

© 

© 

m 

m 

pn 

pn 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

c 

o 

sO 

Pn 

00 

© 

© 

PM 

m 

*7 

in 

© 

PN 

CO 

© 

© 

PM 

© 

77 

© 

SO 

IN 

"3 

in 

in 

in 

in 

sO 

sO 

SO 

© 

© 

© 

© 

© 

© 

© 

PN 

Pn 

PN 

PN 

Pn 

PN 

Pn 

PN 

Pn 

PN 

CD 

ao 

CO 

co 

CO 

© 

72 


t 


A 


See  footnotes  at  end  of  table 


TABLE  B-1.  (Contd.) 


r 


w 


T 


XWC  TP  6747 


See  footnotes  at  end  of  table 


Terrain  correction/  Complete 


NWC  TP  6747 


qqqqqqqqqqqqqqqqqqqqqqqoqqqqq 

coi/'«r^i/icc^wf\iaa'NU}^^i-(NOU'CDa'00'ri<rNffiw 

OOOOOOOOO©©  —  —  —©©©  —  «-«-  —  pm  pm 

ooooooooooooooooooooooooooooo 


9  00  9  O'  (Ti  (J'  ^  00  O'  •“  N  ^  CO  O  rO  in  N  O'  in  * —  CO  ^  O'  PO  O'  O'  O' 
O'O'O'O'O'O'OO'O'OONNSCOOO  00  00  00  O'  O'  O'  00  CO  P«*  P*»  O  sO  in 
OOCOCOcOOOCOCOCOISO'OtCOCOCOOOaOCOOOCOflOCOflOaOCOCOCOCOeOCO 

I  I  I  I  1  I  I  1  !  I  I  (  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


O  O'  o  -  ooooo 


^Tin^TinPvO'*—  pm^TsOP"  inPM©in©sOO'in 


pMiorMp*p*r«*f^pvr^pvp«*inininininsOsOsOsosOsOsOsOininQ'mpn 
O1  O'  O'  O'  O'  O'  O'  O'  O'  O'  'T'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  t  I  I  I 


«T  ^  «T  <T  <T  m 


rv  ©  rv  ©  m  r*  —  rvpnr'.omO''- 


0'0'0'0'0'0'0'0'0'0'0''0'0'0'ONNSflOC003(ONN'0<Ou'9iT' 
rvr'.r^.p-r-r^p-p'.r^p-rvr^f^p-r^pvr^f^pvf^r^r^rvr^r^r^r^.r^p- 
I  l  l  I  l  I  i  i  i  l  I  I  I  I  l  i  i  l  I  l  l  I  I  i  i  i  i  i  i 


NCOCONNNNPNCDCO'O'O'flifl'OPNCDCOO'fflOOCOflOO'OO'CD 

»-pm»—  *- 

bbbdbbbdbbbbbbbdbbbbbdbbbbbbb 


qqqqooooqo8qoooo88o8ooooooooo 

ddddddddddddddodddddddddddddd 


p>Pvf%.r>xrs.rsPvv^r^co 


i^m'fl'fl'flvflPCOCOCOflOoOfflOOO'OO'N 


ooooooooooooooooooooooooooooo 


r'v.©COO'aOaOPMP'0'OPOrMr^*TPMPn«yp*sOOfMlO*y©  —  OmsOPP 
^^rn<T^'-_rocorn^nrn«7CNCiArs.r-qNq,Na''-CDiX!a'u' 
O'©©©©*—*—  OOOOP'.0'©'“PMPr»^inr^COO'P,»sdinin*y  pP«?^ 

rv-r>.p«.p^p«pvp»Pvp~^p^fsNr^pvp^rs>-p*«rvr,««p'r*»p^p~rvsrs»p»'P'P-r^ 

0'ff*0'0'0'ff'0'0'0'0'0'ff'0'0'0'ffi<J'(?'<J'^0'0'0'0'0'ff'i3'0'i3' 

fM>mm«-T-^pnr*.PMinoo*f^*fN^©s0^so»“©pp'©sOPninio© 
<TIN<IN  l/'N»-a)P(J'®ff'l/'*-iNOtt<J'INIJ'«rt-CDV'-—  ©vflCD 
U'vDCDO'NfNrNr-  C'MNrr'O'inC  insOm©PHPOODP'-  COPM  "odo’i 

p''OsOsoiosovoP‘-r,>*orMP>*so^p','»-o'P'»sn^'*-inso®©PM«Tpp'0' 

©©©©©©©©©*~**-PMPMPmPMPm»—  »—  *—  •—  •-  r\j  r>j  rvj  r\  m 

INMrjlNlNINN'NIN'N(NN('IM(NINNIN(NrjlNlNrgM(NiN(\/\(N 


<v 

P* 

m 

pm 

O 

Pn 

o 

CD 

pv 

sn 

CO 

in 

Ps 

® 

® 

PM 

m 

sn 

m 

in 

in 

« 

® 

O 

m 

m 

so 

00 

O' 

o 

•— 

m 

m 

sO 

® 

«■* 

*— 

pm 

PM 

PM 

PM 

pm 

in 

O' 

PM 

m 

in 

CO 

r 

od 

od 

od 

00 

00 

d 

O' 

O' 

O' 

O' 

O' 

£ 

w_ 

£ 

PM 

pm 

PM 

PM 

c 

o 

vo 

sO 

iO 

sO 

so 

SO 

SO 

sO 

vO 

sO 

sO 

SO 

vO 

SO 

SO 

sO 

SO 

VO 

sO 

sO 

sO 

SO 

sO 

sO 

sO 

SO 

so 

sO 

fv  go  in  ®PsPn©®PMminPM©in©rvpp©rM©®pxpN.p*pv  r^.  p>  m 

'0'flU9'fl'O'filA'CNPNl£'fi'0'O4S^NNNNP|s^SP  P'£i 


*“  *“  »—  r-  r-  f—  IN(NfN<N(N(N(NNi\lNm 


See  footnotes  at  end  of  table 


NWC  TP  6747 


poppppopppppopppoppppoopoopp  © 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


i/'inio0r-.coa'ioofs>i0i0t0u’'0f'.r--coocDcD0CO'-;ioo^;  io  /y 
U1lAIAi/ii/i/i|/lli£i/i<f<r9Q^<£*fiNNN'04)'£'6NNCDCOcbcO 
coaococoaocococDooooaoaoooeocoaoaDCDODcDaocDooQoaocooocDco 

r  I  I  i  I  i  i  i  i  i  i  I  i  i  t  I  i  f  i  (  (  i  i  i  i  i  i  i  i 


r*»NCOCT'©0«"‘.  O'^NN^i/lNNJ'Bfl'NOCO^^ON'flOpffl 


(\Nfnffii/|NNr-uir-a3^<rinuiinui®pcocDa3<-i«30^^cp 
rnmfnrnm^rn«T(>JrvJ«-^»-^»^/,n^:^u>i/>i/'<3:<»«Tk/'k/>sDsOfvr^rv 
.rv.rs,pvrvr>vrvrs.rvrvrvrvr*vrvrN.N»r*vr^^ 
l  I  I  1  I  I  I  I  I  1  i  i  i  1  i  I  i  I 


oooaoooooooooooooo 


qopoqqqoooooooooooooooooooooo 

bbbbbbbbbbbbdbdbbbdddbdbdbbbo 


coooo'r'''0r^r^r^0io0vo0vo0ininv0r*'<3‘ 

ddddoddddddddddddd 


^vx>a»p^mo4^vOm^oir>mfn^aom*-o>r^*-oONO*-aoO'mco 
^u^Ou^*-;ppr^vnpr*sr-»pa^pppnrnp®<T(N<Nrvrna^Op'J 
m  n  c  in  c  i/>  9  •-  6  O'  'fl  «  (*i  m m  w  9  (j!  ^  n  c  in 

mmmmmmmmmrgrNrNjrNmr^mmmmmmmmm^'  cy  <r  «vr 

O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 

rsfvr^^rN.p,s^»rNr,*HrvrN.p^r*.r*Nrvps.ps.rs.p*vrvrvrvr^p^r^p*^tv»r**sr«* 
O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O' 

cor*‘r-»aOr'*0r*«.«T©^-v0rMCOO'^^^<0i0i/'©rv©vr»c^^f^0io 
»0  oi  *—  mrv4Nao^^"^0'r^^OOi/'r*^fvi/'r*vOOO'0'^J‘^0*“U' 
O'COOmorv.^TiNvflOLnrvO'^roorvddd^  (''nc^i/'nnu'^ 
©OO^oaoO'mioco  —  vncQ0rvcDco000  «r  «—  O'  co  in  m  *—  aoo 

<?  ^  or'm^j^^i/'k/'u'mmmr»'romr»'mmrsjrvir\(rNir\j  •—  r\j 

ryiNrV(\(N(,V(\f\rv^(\r\(/NININ(\fMrj(\(N'N^(NjiN(N(\'N^'N 


»Nr«.rv#NrMaO'/>r,vcoooo^ooo*N^«/'00'/,''Ou'mmoocoooooo 

0»—rnu'pr*vO]p«--«—  ©0'r'.<^i"sj©<X>'Orr',—  0'f*-v<T 

mmmmmmmmdcnrnrnrnr^rsirsir^^^rsir^rN^-’^^-'^ddd 


Om©i/'©rs*OrM©rMU,'O<N®r'i©r>*.rv©a0mme0f*‘>C0rvinrs4O 

rvrv®fflp^<Nm«!tfNOO'00<t,0'm.-oor^rxf>.r^rvpvrvr^r,*wO' 

10  0  <0  \0  P**  f>»  Pv  ^s.  10  0  «0  U'  VO  V0  V0  V0  (0  10  VO  <0  10  V0  V0  10  V0  10  10  10  tO 


m^i/iiflsoOO'O'-  rNrp»<TvO0>vflOO'O»~'Nm^iO’0P^OOO'O»" 
^<j^r<t<r<f,5fi/'i/'0iotoi/'ir'ioi/,'i/'0000000000f^r^ 


See  footnotes  at  end  of  table 


Terrain  correction.4  I  Complete  Bouguer 


NWC  TP  6747 


ooooooooooooooooooooooooooooo 


^m^mm(*viOCOOaOr~‘P^i«Orom«-"^r«4rvimO^O'^or^.rKrr\^rrn 

ooooooooooooooooooooooooooooo 


iNfflO«P'“il,]VlflNi/»a^rnirtiflCOff>CDNfliN>-OiNN  OOm 
cocococO!7'a'(yicncr>rv'NNcbcbcbcococbco^(riq;»j:q:«j;q:<7iri^ 
COOOcOCOCOCOCOCOQOCOCDQOCDCOCOCOCDCOCOCOCOeOCOCOCOCOCOCOCO 

i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  T  i  i  i  i 


C''Ni/'fs-  0'OOvO<“'JO<7*Or'^‘OOu"»rv 
b  r*.’  n  /k!  pv‘  flo  <x>  •-  O  «—  ©  ©  «— 

r^r'.r^r-r'vr''rvr's.r'»f''r^r**r“^r^r*-r“^r,v 
ill . .  i  i  i  i  i  i  i  i 


rsir^rsjrgrsimmui 


OOOOOOOOOOOOOOOOO 


qqqqqqqqqqqqqqqqoqqoqqoo8oooo 

ooooobbbbbbbbbdbdbbbbbbbdbbbb 


in  m  t  »j  i/i 


i/icmi-«-*-iN(N^rnin 


oooooooooooooooodoooooodddddd 


Naa3irtfnNfl'0'*-c(Ji(S(*i^ooifi('iNiN<“^o»-mN»-cONO 

r«»iniN®unqq^;qqf»>mqqqq<rq®»*-w>qaoi/>mo'oa' 

mmf-^(N(»i(TiirtN^^(NiN<jiniOv£iifl^drn<-^^r-‘oojiflrn 

W0'0'<TiO'0'0'O'(7'0^C'0'O'^ffi<J'Ji(Ji0'CS0'9'(J'5'ff><Ji^iC'O' 

rvr>.rvrv^rs.r^r^^.r*.r^rvr>«r>.r^^rvr».rxrs.p*vr^.r«.^srvp>.r^rvp^ 

0'0'0'<J<0'0»(J>3'5'0'9>0'0'5'(7'0'7»0'0'0'ff'0'fl'^9'®'l7'^3» 


r*'*t/‘*©r**»-mou“><NO'rr>»—  omgo»—  soa>0/*ioo00r-.ui»—  0<N0 
r^/no*—  u“»©rxu"*u">oovcr,,»/'rvfNtf,>r-*^\o©u’%o<3,'Oc^mmrvf,*von 


mo»/>o<NfMV0^©i/>ror*'.®^'r«'.i*Mrv©*-o«*“*-m©»-O'-’  —  o’ 
cocD^OOaDO/n^r^rsiOOr^^kn^q-maoNcOcoooaOo^  —  *5  co 

'-^iNiN*-'-'-*-»-fNfNiN*-'-'-'-fr-<-irii/ii/>irii/ii/iiri£'fii£ 

iN^rNiNiNNMfNlNNINlNfJNrufN^iNNNlN'NlNiN'N^.NiN/N 


OOor^rvps.rs.f^.00<viO/Nmrvmi/>rN0000OO'>*Or^rgmmrr>rn 
ooaiffiaicifflfflcboddddddood'Nfnwmmmcc  o’  o 


OOvOOOOOOOOOOOOOOOOOOOOOOOvOOsCO 


pvr*s^.mu^rvooaoor*^or^i/,»<*,r<Oo^ooi/'OO^p«s.hvaoooaOflOcocoaD 
CpCOCOCOCOCDCOCO0>fNOi/,>r*a'O<*'4/*>OOr‘»  OOOOOOOOOo 

i/'ini/li/li/ii/i^i/ii/ii/iini/i/iiCiijifiiaifltfli/ii^i/ii/ii/iuii/ii/li/i^ 


m  m  m  m  m  m 


oooooooooooooooo^ 

i^ir^irnr^rom/^mri^rrirnroooromrorn^ 


f>*mou^of,^oo<7'0*-fNmou^or>‘®cr'0*—  r^rnou^or^oooo 
r*s.rvrvr^f*vf,^rvrvoooooocDCDcD®oooooo<y»a'^'0>0'a'<T‘a'0>Cho 


See  footnotes  at  end  of  table 


XWC  T?  6747 


ppppppppppppoppppppppppppppp© 

jx!  sn  O  ©  *—  mo^rxrnrxGO^rxCTi^  ©rxcDrxrx©©inu*t®0'rn 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

inininininininmininininmi/'inininmininininintnminininu'i 


%  2  ^ 
4#  tO 


m 

CT> 

00 

rx 

© 

O' 

O' 

<N 

rx 

'T 

© 

in 

© 

© 

<7 

<7 

rx 

© 

O' 

© 

rx 

m 

rx 

© 

© 

_ 

m 

d 

d 

<7 

«7 

«T 

*7 

<7 

d 

rx 

<7 

*7 

'J 

<7 

d 

d 

© 

d 

«7 

d 

d 

d 

*7 

<7 

in 

d 

© 

© 

00 

i 

00 

J 

00 

J 

00 

1 

© 

> 

CO 

co 

i 

© 

1 

© 

J 

© 

J 

© 

1 

© 

1 

© 

» 

© 

1 

© 

J 

© 

t 

© 

1 

© 

l 

© 

1 

00 

© 

i 

© 

1 

© 

1 

© 

1 

© 

1 

00 

© 

1 

© 

1 

00 

rx 

«? 

© 

O' 

O' 

O' 

O' 

rx 

J 

*7 

© 

rx 

© 

rx 

rx 

© 

rx 

ITS 

«7 

i/' 

rx 

© 

m 

7 

© 

j  . 

7 

rx 

<7 

m 

rn 

on 

m 

<r 

© 

rn 

rn 

rn 

m 

«7 

<7 

<7 

«7 

<7 

«7 

<7 

<7 

«7 

<7 

<7 

c 

d 

d 

d 

o» 

ch 

O' 

1 

© 

1 

© 

1 

o> 

i 

O' 

1 

O* 

1 

© 

i 

O' 

1 

© 

1 

O' 

1 

O' 

1 

© 

i 

O' 

O' 

1 

© 

\ 

O' 

cn 

O' 

O' 

O' 

O' 

i 

O' 

cn 

O' 

1 

© 

1 

O' 

O' 

o§o§oooS§ooooopoppopopp§oopoo 

bdbbbobdbbbbbbdbbbbddbbbdbodd 


© 

O' 

in 

© 

O' 

© 

rx 

rx 

rx 

rx 

© 

O' 

rx 

© 

_ 

*7 

© 

O' 

© 

© 

O' 

© 

O' 

m 

rx 

rx 

© 

® 

in 

rn 

«7 

«7 

m 

© 

<7 

O' 

© 

<-N 

© 

in 

© 

<7 

O' 

O' 

m 

CO 

«7 

O 

rx 

m 

O' 

CO 

m 

rn 

rx 

rx 

2"* 

rx 

»*n 

*7 

d 

© 

00 

O' 

© 

© 

d 

© 

© 

© 

d 

rn 

*- 

© 

O' 

O' 

O' 

® 

© 

rx! 

© 

m 

rx! 

rx 

rn 

r- 

>  O' 

rx 

rx 

rx 

rx 

© 

© 

© 

o 

© 

© 

© 

© 

© 

7 

«7 

«7 

<7 

*7 

*7 

<7 

<7 

<7 

7 

*7 

*7 

<7 

*7 

<7 

<7 

7 

*7 

«7 

*7 

<7 

<7 

<7 

«7 

<7 

<7 

«7 

«7 

2  £ 

O' 

O' 

O' 

© 

© 

O' 

O' 

O' 

O' 

O' 

© 

O' 

© 

O' 

O' 

O' 

O' 

O' 

© 

O' 

O' 

o> 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx. 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

O' 

O' 

O' 

O' 

© 

O' 

O' 

O' 

O* 

© 

© 

O' 

O' 

© 

O' 

O' 

© 

© 

O' 

O' 

O' 

© 

O' 

O' 

O* 

O' 

o> 

O' 

O' 

c 

m 

© 

© 

© 

rx 

<N 

O' 

*7 

fM 

O' 

rx 

rx 

rx 

© 

© 

© 

rx 

m 

© 

rx 

rx 

m 

rx 

in 

© 

— 

O' 

m 

rx 

<7 

rx 

© 

rx 

rx 

© 

© 

in 

m 

r- 

© 

rx 

m 

7 

m 

rx 

© 

rx 

rx 

*— 

rx 

•— 

© 

«- 

m 

fM 

© 

© 

® 

rx! 

rx’ 

O' 

m 

© 

© 

rx 

rx 

© 

© 

O' 

r. 

«— 

m 

© 

d 

t— 

rx’ 

m 

tt’ 

© 

© 

O' 

© 

© 

7 

rx 

© 

© 

<7 

© 

© 

© 

m 

in 

in 

© 

rx 

rx 

© 

© 

m 

O' 

O' 

rx 

rx 

rx 

© 

© 

© 

® 

© 

© 

© 

in 

© 

© 

© 

© 

© 

rx 

r» 

rx 

rx 

rx 

rx 

rx 

rx 

© 

© 

rx 

rx 

© 

rx 

© 

rx 

«N 

<N 

<N 

CM 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

rx 

* 

Of 

rx 

© 

® 

m 

m 

© 

fN 

© 

© 

rx 

rx 

in 

© 

rx 

rn 

m 

in 

m 

m 

m 

rx 

© 

© 

m 

© 

m 

m 

© 

rn 

© 

© 

fx 

© 

O' 

O 

© 

O 

© 

© 

rx 

m 

in 

© 

rx 

O' 

«- 

m 

in 

rx 

O' 

*— 

m 

in 

© 

rx 

© 

O' 

«— 

3 

7 

<7 

o 

*7 

d 

d 

d 

d 

<7 

«7 

<7 

«y 

<r 

«7 

7 

d 

d 

d 

d 

d 

© 

© 

© 

© 

© 

© 

© 

rx! 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

©rxmomrxrxtnornrxmrxrx  rxoo®®co®cocornaDOmrxrnrx 

rxmmrxaop«-;cnin©pa3©in^pp©©©©©.-  --  m  <r  ^  n 

i/‘»mminm©©©©©minu,'inmuninindmdddddinddd 


See  footnotes  at  end  of  table 


Terrain  correction/  I  Complete  Bouguer 


pppppppoppppppppppppppppppppp 

©  «—  •—  »—  •—  ^  CO  ^  ui  m 

OOOOO  —  OOOOOOOOOOOOOOOOOOOOOOO 


un^Dwr>*-<*nvOO^OO>rvvO'0^u^*-<3'sDmrv.«TO^O<v'Or*vmi^O'p 
v£)vfii£\C\Ov£vON>£^v£i^t£vOt£i/>u<ii/>q:<7  ^bbcnrsjr'jrg*-^*-- 
CDOOflCOCDCDCDCOCOSOCOQOcOCDOOCDaSOCOOaonQOflOCDCCOflOCO 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


pcorvfniAcqp'-pppkrji/impprnpmpprNONpr^.-aqpin 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


fxrvfv.r»h«.^rvrvr^rvrv^rvp*vrvr^pvr*vrvr^r^rvrs.r>vr«s^vo^O'X) 


©©©©©©*-•“© 


00©000©000000©00000©00000©©00 


SooSooooooooooooooooooooooooo 

bbddobbbdbbbbdbobbddbbdbbbddd 


<T'J<:«Iivim(NfNfN--fVN^r-^^©00O(7'i7'17'(7'a'17'OOO 

~  ^  ^ ^  ^  <z>  o  o  o  <z>  o 

©o©odododddddodddddddoddddddd 

©<’‘Moorvr'*©mr^rv»f,^vrv(NtvDrMv^«-^vo^  U<i0iflm0\o09  m 
9»>i(fl#Ni»)^Ojpp»*i««-ir»jCOfl)f'iN^N^#>fiiNC  —  «3  in  r*. 

Ul^l«jm«Ti/103iflC0i7'O«-ni<Tuiiacd(?''-'-'(\'Nni<T  ^^'7'7*T 

r-  ^  ^-<‘N<Nr'jrMrM(>irs*<Nmmmmmmmn^mfnm 

OTOi(T>o'C'w'w'w'0'ff'(7'C'ff'0'C'0'ff'0'^ff'0'0'0'C'0'0'ffiCJ'0' 

rs.r»f*vrvr».ps.rvr,».^^p**rxrvpvhvrvr,*srvr«srs.rvrvrs.rsr»»rxr^r*vr^ 

0'^'<7'<T'©0'©0>»©0,'©©©©©©©C\0\<n^'0'0'C'0'^'0>C'© 

C0OU3Of^^0'^^N»—©'-UvJ5Lnr^^©'U3Lr»»—  r>-^r^©©«7  m  /n  <j 

p«^^p®prnrn<T04r\4rv<N^f'*^*<n^<NU3®©©'N©»n©rN,rv 
CO(Nfn(NCOCOvOiflC^'NO'N'*l/i«5fnCOffi^S 

i/>©rvj\i»v©u^om<N»-©rs.®vmr>4©c»^iaNOO'C>®©©©© 

<7  m  tf*»  in 


nrNCD«®®co®coooocDcOflOCD©cocDcon©mo©ooNron 

rninpC0C0CDppppppc0aqa0C'00C0c00''©o<7NC0r'-i/’<psiOa0  — 
^  N  N  rs  K  fs  N  ^  N  fs  N  N  s  N  S  N  ^  K  N  N  a)  CO  N  N  N  N  N  N  tfl 

®vOvOt£®t£®®v£i£t£v£vOlOv£vO®iOsO®vAv&vfivOv£®vO\£\£ 


O^fNl/'MflOOiflNOOONlNOKmONlrtNNfNNOmin^l/tffi 

pppp*-|^u^ppo<-|rni/*»fs»®orN<mi/irvc0O«—  rn^r  ^  <r  <g- 

pvoocd«o3ffl»0'aio'(jioiijio'oi 


©*-fNim^t/>®rs-©©©«—  rsim’criAvOf'-.ooo*©*—  rNm^m©r^oo 

NIN(N(NIN(NlN(V(N(\/\(NfV(\ry/MM(\NiN/,MN/N(NfMiN(Sr\|(N 


TABLE  B-1.  (Contd.) 


w 


N'WC  TP  6747 


\ 

| 


4i 


oooooooooooooooo 


^rvininr*Pl^^lN©m©©in©_  _ 

oooooooooooooooooo 


poopooopppopp 

fN'>fl<iNi7ii7®'-43J'a3/i3' 
fNl/l'JOlAlA-Ofl'TT 

coooooooooo 

ininm©©©©©©©© 


o 

o 

CO 

rv 

in' 

<7 

o 

O' 

rv 

NO 

® 

© 

_ 

<7 

® 

© 

(N 

IN 

7 

© 

m 

© 

<7 

IN 

m 

m 

© 

d 

N 

d 

<N 

IN 

IN 

.— 

r— 

I N 

IN 

d 

d 

d 

«7 

«7 

© 

in 

© 

© 

© 

IN 

CO 

1 

CO 

c 

CO 

l 

CO 

CO 

CO 

CO 

1 

CO 

» 

CO 

1 

© 

1 

© 

1 

© 

l 

© 

) 

© 

1 

« 

CO 

CO 

© 

1 

CO 

© 

1 

CD 

CO 

© 

CO 

1 

CO 

QO 

® 

i 

os 

® 

rv 

IV 

© 

<7 

in 

o 

NO 

in' 

m 

IN 

m 

in 

rv 

in 

rv 

rv 

© 

rv 

O' 

_ 

<T 

(N 

IN 

7 

«7 

iN 

m 

«7 

*- 

r~ 

— 

•— 

o 

d 

O 

© 

<— 

<N 

«N 

IN 

IN 

IN 

IN 

IN 

<i 

d 

<7 

<7 

iN 

1 

1 

1 

1 

O' 

1 

O' 

© 

1 

1 

O' 

t 

© 

1 

O' 

< 

O' 

O' 

l 

O' 

l 

© 

1 

T 

O' 

1 

O' 

1 

O' 

t 

O' 

O' 

O' 

O' 

O' 

cr> 

_ 

© 

O' 

r-» 

NO 

r*y 

© 

CD 

© 

m 

© 

© 

_ 

*7 

IN 

IN 

«7 

© 

<7 

® 

O' 

© 

© 

<7 

«7 

O 

o 

© 

cn 

O' 

O' 

O' 

© 

O' 

© 

O 

d 

O 

«• 

,— 

IN 

I 

NO 

© 

1 

© 

NO 

1 

NO 

o 

i 

NO 

NO 

1 

IN 

1 

fN 

1 

rv 

1 

rv 

1 

rv 

l 

IN 

J 

rv 

1 

rv 

1 

rv 

1 

rv 

1 

rv 

1 

1 

rv 

< 

rv 

I 

rv 

rv 

rv 

rv 

in' 

O' 

_ 

o 

o 

© 

© 

IN 

>N 

n 

rv 

® 

© 

O' 

«7 

© 

© 

© 

IN 

IN 

<N 

IN 

m 

m 

m 

N 

IN 

IN 

• — 

< — 

h- 

o 

O 

d 

O 

o 

o 

o 

d 

© 

© 

© 

o 

O 

© 

d 

o 

© 

o 

o 

© 

b 

o 

© 

o 

© 

O 

d 

d 

d 

5  * 

_ 

_ 

_ 

_ 

_ 

© 

3  O 

O  N 

© 

© 

© 

© 

o 

O 

© 

© 

© 

o 

o 

o 

o 

o 

© 

o 

o 

O 

o 

o 

o 

o 

d 

o 

d 

d 

d 

© 

© 

b 

© 

o 

o 

o 

d 

© 

o 

b 

© 

© 

o 

© 

o 

© 

© 

o 

© 

5  % 

<7 

in 

o 

o 

o 

O' 

O' 

O' 

„ 

_ 

i">' 

*7 

rv 

rv 

© 

O' 

*7 

© 

O' 

© 

IN 

S  o 

© 

•— 

IN 

<N 

*— 

»— 

£  n 

O 

d 

d 

d 

o 

d 

d 

d 

o 

o 

© 

o 

© 

d 

o 

o 

o 

© 

© 

d 

© 

© 

o 

o 

o 

o 

d 

d 

o 

5  © 
O 


O'  ©  *“•  --i£lfliNfi/10iNi/'O 
Nm^flOO)/SN»^Nr  o  © 
d  rsj  d  *7  <7  mi  ©  .-'  d  d  b  O'  © 
f*>mo'\mc^r»srr>,f^r»>f<>r^>r*>/NrN 


m  -  uj  in 

N  IN  N  N  N 


O'  O'  O'  O'  O  O 

rv  rv  rv  rv  rv  rv 

(7i  (J\  ^  ^  (71  ^ 


^  <r  c  «j  c  «j 

~  ~  —  ~  O  ©  O' 

rv  c*.  rv 

©  O'  © 


71  |J\  ijl  O'  (7> 

N  N  N  N  N 

O'  W  Ol  (7>  O' 


^7  ^  ^7  <T  c 


«70rvu3rvi£irvrvrv 
“©•-l^iN^in^rv. 
vooiajNiainin 

NINNrr--n-^ 


O'  O'  O'  O' 
rv  rv  n  rv 
O'  ^  O'  o 


©  ©  ©  CTN 
rv  rv  rv  - 
O'  O'  O' 


O  d  ^  -7  -7  C 


O'  o'  o'  o'  O' 

rv  rv  rv  rv  rv 
©-©©©© 


O 

rO  P 


O'  O  O  O  CO  O 


<7rvifi<JO©©©©N 


N  S  O'  CD  CO 
rv  m  rv  «7  © 


<NiNinrv©iNrvrv 


IN  IN  IN  (N  N  IN  in 


insu’O'^ccLrt'CN*- 

(Ti-0'''NO'mo'fPiO'm 

(NiNINiNiNiNlNlNiNlNiN 


m  ifl  ia  <-  in 

in  in  in  >a  4) 

IN  N  N  IN  N 


4)  43  iD  ifl  N 
IN  N  N  IN  N 


O<xnNr^k/'rvOnr»i/>r^i/Nma3mr'4fS4OfyNrrvc0C0C0uNOr''r^  co  in  uo 

mini'»»o;'"iNmin'Tm^pO;#NiONNNifl<“(Vi'ju'vocDO' 

inini/'U'ifliniDio  iOini/'in«'i/'9«i'<j^9^97u'(/'|/'i/i^^^ 
'fl'd'fivi5'0'0'0'OiCiOi£ifliiiOi£iOiOiaiCifiiOiOiJ3itf'£iDiO'fiiC 


O  no  rv  in  rv  O 

ID  4)  ifi  Is  “  " 


O  in  O  CD  N 


(DOOCOtiCOO'O'O'O'COCOCOCONNh 


©  rr\  o 

rv  rv  rv  rv 


u->  ro  o  CD  LO 
(n®f'iN>'OCO^io 
iDUD43i£vCifln'i/'u-| 


'JC'J'JOOC'IO'I'J'JiJ 

ro  (ty  <v\  ro  n*N  r*'  r*>  r*N  r*i  <-*■>  nn  no 


cv'i*0(**NO'nnmfr)iNN7V|or)onrnr'nn»'fT' 


0''iNmoi/iiDNa50'0*-  iNm«7©©rvc0  0'O*—  N 

O'O'O'O'O'O'O'O'O'O'OOOOPOOOOO'--  •—  — 

iNiNiNiNiNiNNNNiNinmmfno'mft'mmn'w^ni 


m  <7  ©  © 


80 


I 

I 

I 

I 

I 


NWC  TP  6747 


TABLE  B-1.  (Contd.) 


NWC  TP  674 


81 


Set  footnoH'S  <jt  f*n(i  of  tcitile 


NWC  TP  6747 


qqqqoqqqqqoqqqqqqqpqqqqqqqqqq 

^0'dp-'^COCOO'i/i^,'0'i/i?‘vJi/i'«OOOf',';*r',—  > —  p^.  N  in  £  'J  C  2  -3 

aN>-<Ti/ifflC0^ffla''-  »-OO®O'*n<7'C0m^C-—  O  ''N  ^  ^  'N 

OOOOOPOOOOOOOOOOOOOOOOOOOOOOO 

i/1  l/l  k/l  1/1  1/1  V/IUlL/ll/ll/ll/li/ll/li/ll/ll/lk/li/lk/IUlUli/IUli/li/lk/li/ll/l/l 


<’Nui«rai©©ooui«-i/ifNO'oo©©<7»©tf»©r*‘COcor*iaDoive^'fMm 

cocococoaoaococococococoaoaocooocDaocoaooocoaoaococococoo> 


O  rvj  > —  vO  CO  CO  ^  r\j  CO  fN  O'  ^  i/I  P^  O  O'  O  O'  O  00  00  Cl  P**  O  P”'-  pn  i/i 

m'mMMffinimrnpjm'pj^iNrjvbi/i'fli/iiOuii/ii/iui'TO'O'O'O’PN 
O'O'CTiO'J'O'OlC'ff'WW^'ff'5'  ^  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 


rsjr>.uioiOO<T‘^0'v;vOniop'^^Ouir^f^f>«‘i/i«J  •cT©i/i<3,<‘''<©Oik/i 
rs<»—  r-  rsi  pn  *— *-  o 

r*>.rs,p«s.p^r«^rs.rv.r^p^rvr^rvr^p^rvp»vr^r^rvr^rvr*vp^f^rv^vr^p»vr^ 

I  I  i  I  l  I  t  i  l  l  I  i  t  I  i  1  «  i  1  i  i  i  i  i  l  i  i  i  i 


fN  N  /N  ^  OOOOOOOOOO^N^N^- 


(N  fN  (N  <n  m 


ooooooooooooooooooooooooooooo 


•“•'“O*—  00000000000000*3 

pppooooopppoooopooooooopoooo- 

dddddddddddodddddddddoddooooo 


«-rMe~oO©OiO'0'<7iOiOiO'0  —  «-•**©«-  <“m  *■*  .—  *-  in  ^  pm  m  m  ^ 

ooopoop*-*-*-'-'-  —  —  o 

dodddodddddodddddddoddoddodoo 


©  «-  <“M  *-•-*-  PN 


O'  Ul  *7  ffl  O'  ■-  O'  *7  O'  '-N(NNNfNO'i5N/'COmi£N  /*>  SO  CO  CIO  *7  ^ 

co  ifl  <n  ifl  •-  ©  ©  ui  *—  fNui^ai^-rNvoi/iuimvo^raor^pNUiaif^  ui«r 
iflaja3'OiflNNCOO'0'ff'00''fl3COO'0(J'0'CDCOO'OCOO(3'6cO 
PNfN<NPNr^psiN«Nr^r'4/Nmmm»—  ru«—  *—  *—  rsi^T 

(71  O'  O  O  O  O'  O'  O'  O'  O'  O'  O  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 

rvrNrsrN»v.pvr^rvr».p,^rvr^pvps.ps.r*.iv.r*.r'.rvrvrs«»pvrvr*v 

O'  O'  O'  O'  O'  O'  O'  O'  O'  71  O'  O'  O'  O'  O  O'  O'  O'  O  O  O  O  O'  O'  O  O'  O  O'  O' 

mm«—  on  k/i  ©  r\*  r-.  ^ru*»r'v©©mOfl0r»i©0'©<YiP^^  rw  CO  m  co  un  o 

i/ioOp"ii/i»—  oii/i©©*-'-  •“  ■“  fvmpvoP'ioOmvOO'^coi/'P^Ovc  pn»  pn 
©uif'‘'©oir*p,*.rMOi/iP'N  ^  r'^r'lC0<T©O©''rt»—  uimO^TP''''^  uid 

r«i»-r^ci/i<Tmr'im<*Mi^J'%*—  •”r^PNO®00<N*—  0(T'rr'^*“  — 

i/ii/ii/ii/ii/iuii/iu"»uii/ii/ii/ii/ii/ivO©©u">ve©©©©©©©©©»— 
i*^r'4'Nnj(\rvfN(N(N(NNrNPgrgfNf\(N(Nrs'NM'Ni\'\PVUPMiM'\ 


CDr*«m©'Nao©©or'/r^(Y'nirvoOco©<Ni/iPvcOf»voocOcoaorv  ^  ^ 

rnppr^OiO<—  p^ppf^p^T'C’i*—  OP^i/im'—  0'^^i(Ti»-CD 

vO^Ov^s^vcvodr^"rs^r^rvrvr*»p^pvr«»pvid'X)dvd'di/ii/i*/ii/ik/io 


mr-vi-Naak/iP^'rvO^P’icoOniP'iP^OOUiP^COrMP^aocoOrsj^cOO^ 

PNr»iuii/ivorvcoO'“^-rK^'/i*«OPv-^^s-vfiuiv/'^^r<ji/ii/i»i/ii/i'^3'^j 

P^r^"P^r^r>.P^P~sCOCOGDCOCOCOGO^Ol^O'-Ov£^^Oi£iv^iiX)^i^'vod'vO'^-' 


^OrK'QOOO«~PM(Yi<7>/i'«OP^cx30'0  —  rym^i/^sOrvcOO'O*— 

<T  *7  cf^i/li/ii/ii/iuii/iL/ii/ii/ii/isO©©©©©©^©^^^  r-.  pv.  r^ 
rnp’i('or'if'p>p»iP»imr>iP,ir'ipT>rrioir'ip*iP*irop»i  p*i 


See  footnotes  at  end  of  table 


NWC  TP  6747 


m  rsj  (T>  «- 
^  ^  m 
O  O  O'  (? 
O  O  O'  O' 
VO  tO  «7 


qqqqqqqqqqqqqqqqqqqqqqqq 

;  vOXO  X‘-r'COO0LOO'Xr^r--.r'vCO~'j«T!'r'ir'.«^-  O'  f-'  o  *0 

CO  cO  O'  O'  CO  CO  CO  p">  r*»  CD  p--.  r*».  p**  p**  oo  P'--  X  X  o  to  io  .o 

O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 

'7'J<I'JtJ<J'7<:'J'I'7,T^'J'r'7'J7tT'J'T'T‘J,7 


P**.  m  pn  r>.  vfiO'0'aOi'T'Pr'(','CO‘:TCOO<T  OrN<^u~i<T<<7'Lr><T  ~\j 

O’—  iN/\(N^(NrM»-^  (NiNfnmc 

O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 


(3O''-'-i/''Nl\0''743a''JN43li'qN^mN^tjNN'-''irsaiin 

r>‘c6o'0'0'a'cKc6cdcdcdo'a'0'0'-0'0'ada6o'0'0*-<N'^'rn«rLn 
O'a'O'O'O'O'O'O'O'O'O'O'O'a'OOO'a'O'O'O'O'OOOOOOO 
I  I  I  l  I  I  l  I  I  I  I  I  I  ««-«-!  I  I  I  I  I  «-«7  ■“«-«-■•- 


r-aooorvP'»*-0'P'*Ov/' 


N  O  IN  I/' 


O'a0'‘'f'—i"r'*—  0*“0'f''-CDcor'^0'aoO'—  r'''‘"r'Pr'r-vPMOvO''-''-—  0*-~0 

bbb©ooobdbbbbbdbdbbdbbdbbbbbo 


ooooooooooooooooooooooooooooo 


qqqqqqqqqqqqqqqqqqqqqqqqqqqqq 

ddddddddddddddddddddddddddddd 

O'00^(/'rvrNrs4f-i/-»rM0O*—  rs'VO^vOO'^i/'rnvOi/>vOi/'0'vOmoD«3’ 
»-|rs<rN(,T'm*-rNOi/'OOu^*—  vO  pp  ^  «—  vO  m  O'  vO  v/'  ©  —  c  <\  rs  to 

0*-C9i/'Cmfl,'«i3N’cdcodmiN''irof*'l'\nrn'T(^iNrsJr-'^oo' 
u*v  VO  vO  VO  VO  VO  vo  vO  O  VO  VO  VO  vO  vO  vO  \0  vO  vO  vO  vO  vO  X  vO  vD  vO  vO  v£  \0  vO 

O'O'v'O'O'CT'OO'O'^'O'O'O'O'O'O'O'O'O'O'O'OfO'O'O'O'O'O'O' 

rvP,*>^fv.r**p*‘^o»r»rvf>.o»^rvr*v^rv^.rxr*.r,»r«»p,*rv^pv.r^r^rv 

O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O' 

<J'C9C'CDl/'N'N5'<-^Nff'«-Oi/''-l'''''N'flOOC0'-(T'NO5' 
'NC0i^fflpn«lff|O'JiNiN*-  <*nm«XvOvOvO»-OojcOOO^r'<onrNivO 
a3mo'\fim'fl--cDiNON  N  CO  ui  <N  s  •—  v6c6rr'br~'«--rnf^w'nnr>-  «r 

Nl/'J10'NO'03'^l/'Nr-\fNN--(Nmin9.'J'-(%fv^i\AirN(\ 
OOO'O'O'O'OO'O'O'O'O'COCOQOCOcOaOCOaOaOCOcOcOcOCOcOcOX 


OCOr'v©Oojrv*r''f*'tOLOmoirs*rMm©<v'f^r'<<JO®Oio©f,v-<"'*oGr^ 
^*-io<To'*-»--0'r>.LOonf—  o>^iom»—  0'r^iorv®0'oj<v>i0v0®©0' 
ff'O'O'ff'ff'O'COC000CDCONNNS  Nia^iflvfliitfl^^^(siSh!N 

vOvOvOvOvOXvOvOvOXvOvOXvOvjOvOXvOXXXvOXvOvOXtXiXX 


®®iOXr»<^'voiOfOrvirsio4CNifi^rnromroLOvoo^r'rMOjmior^  r*  aO 

^  ^ ^  ^ ^  I!!!  ^  ^  N  ^  ^  ^  ^  ^  ^  ^  ^  N  ^  ®  ®  ®  ®  ®  ^ 


vO®r*xcOO'*“'>JO'«7vOXf^®0'©'—  <M''n^iO®®0*“  n  <?  i/i  v3 
f»«  r-^r-vr^r^cOXCOcEXXXXXO'O'O'O'O'O'O'O'OOOOOOO 

(*rirri<^'rarommmfV'<v'o*immrnrrimrrir»'f^'pnro/*i~i«^  <5  «4  <f  <j  cj 


See  footnote1,  at  end  of  table 


TABLE  B-1.  (Contd.) 


V 


T 


N'WC  TP  6747 


n 

cr>  ^ 

3  O' 

S'1- 

<u 

£  15 
a  E 
6  o 
o  5 


t; « 
•  E 


£ 

O 

o 

o 

O 

o 

o 

O 

O 

O 

O 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

6 

o 

7 

«— 

<7 

ad 

fp 

*7 

04 

O' 

O' 

O' 

04 

© 

ON 

Ps" 

Ps 

© 

Ps 

Ol 

d 

© 

© 

© 

Ol 

© 

Ps 

o 

in 

Ps 

o 

O' 

ON 

ON 

<7 

© 

© 

© 

© 

© 

Ps 

Ps 

© 

© 

7 

04 

O 

© 

04 

7 

© 

© 

E 

© 

P* 

o» 

ps 

On 

fP 

rp 

Ps 

Ps 

Ps 

Ps 

ps 

ps 

IP 

Ps 

ps 

ps 

Ps 

© 

© 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o> 

7 

7 

7 

7 

7 

<7 

<7 

7 

<7 

7 

<7 

<7 

<7 

«7 

*7 

*7 

«T 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

pm 

ps 

7 

© 

04 

O 

O' 

n 

ao 

© 

N7 

04 

<7 

Ps 

© 

O 

© 

in 

Ps 

Ps 

© 

O 

04 

04 

Ps 

6 

o 

pi 

© 

<T 

<7 

n 

n 

<7 

<7 

7 

O' 

ON 

ON 

ON 

ON 

oi 

oi 

oi 

ON 

Ol 

04 

. — 

© 

in 

O' 

04 

O 

» 

o 

1 

o 

• 

O 

1 

o 

1 

O 

1 

O 

O 

i 

O 

1 

O 

O 

1 

O 

l 

O 

1 

© 

© 

l 

© 

1 

© 

1 

© 

1 

© 

1 

© 

i 

© 

1 

© 

1 

© 

T 

O 

! 

© 

© 

1 

© 

1 

© 

l 

© 

7 

O' 

© 

m 

© 

ao 

n 

O' 

04 

O' 

n 

04 

© 

© 

Ps 

7 

7 

© 

in 

04 

© 

© 

rsi 

in 

FP 

© 

© 

© 

© 

CO 

d 

O 

O 

V— 

*- 

o 

d 

O 

d 

© 

© 

© 

© 

© 

© 

© 

© 

© 

CD 

Ps’ 

© 

7 

oi 

r- 

© 

o 4 

O 

1 

o 

i 

O 

1 

o 

i 

1 

l 

1 

T 

1 

i 

i 

l 

i 

© 

1 

© 

1 

© 

1 

© 

© 

1 

© 

1 

© 

1 

© 

l 

© 

J 

© 

1 

© 

1 

© 

T 

© 

© 

1 

© 

© 

O 

in 

04 

o 

00 

<7 

O 

rs 

in 

PN 

ON 

© 

© 

<7 

N7 

in 

© 

© 

© 

© 

© 

© 

© 

© 

© 

in 

© 

O 

•— 

o' 

*T 

7- 

n 

d 

n 

in 

n 

<7 

<7 

«7 

ON 

ON 

ON 

04 

04 

04 

O' 

oi 

oi 

r_ 

© 

ad 

© 

in 

© 

rvj 

O' 

1 

O' 

1 

O' 

1 

O' 

1 

O' 

1 

O' 

1 

O' 

1 

O' 

1 

O' 

1 

O' 

i 

O' 

1 

© 

1 

© 

1 

© 

1 

© 

1 

© 

1 

© 

© 

© 

© 

1 

© 

© 

1 

© 

© 

1 

CO 

© 

i 

cc 

1 

© 

© 

o 

m 

© 

© 

n 

o-l 

04 

n 

*7 

7 

© 

P 

© 

© 

© 

O' 

ON 

© 

© 

O' 

ON 

© 

7 

© 

© 

04 

7 

7 

7 

7 

7 

<7 

7 

7 

7 

7 

7 

<7 

<7 

<7 

«7 

in 

in 

7 

7 

7 

7 

© 

7 

7 

7 

7 

7 

© 

© 

H- 

o 

o 

o 

O 

O 

O 

O 

o 

o 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

d 

© 

© 

© 

© 

© 

£  ji 

O' 

rsi 

in 

7 

04 

<7 

ON 

ON 

in 

© 

n 

© 

© 

© 

© 

Ps 

ON 

© 

© 

7 

© 

© 

© 

© 

© 

e-  C 

© 

<r 

7 

7 

«iT 

*7 

7 

<7 

7 

<7 

7 

<7 

7 

«7 

<7 

<7 

in 

7 

7 

7 

© 

O' 

© 

© 

© 

© 

© 

© 

© 

^  0 

O  * 

d 

o 

o 

o 

o 

o 

O 

o 

o 

o 

© 

© 

© 

© 

o 

o 

© 

© 

© 

© 

© 

d 

d 

d 

d 

d 

© 

© 

© 

s  * 

_ 

in 

ON 

Of 

ON 

04 

7 

© 

© 

7 

in 

in 

Ol 

04 

c  o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

© 

© 

© 

© 

© 

© 

© 

© 

a 

O 

© 

© 

o 

© 

© 

© 

© 

© 

=  2 

d 

o 

o 

d 

o 

d 

o 

o 

d 

o 

d 

© 

© 

© 

© 

© 

© 

© 

o 

d 

© 

© 

© 

d 

© 

© 

© 

d 

© 

o 

o 

tP 

w 

7 

ao 

o 

<7 

O' 

© 

7 

© 

ps 

© 

© 

FP 

© 

ps 

FP 

© 

in 

© 

04 

© 

© 

04 

o 

7 

c£> 

ON 

04 

*- 

O 

O' 

ao 

*— 

© 

O' 

7 

m 

04 

7 

© 

04 

7 

© 

© 

© 

04 

© 

i  * 

© 

O' 

CO 

p* 

d 

d 

n 

n 

n 

n 

«7 

«7 

«7 

<7 

<7 

ON 

Ol 

r- 

04 

r~ 

© 

© 

cn 

d 

CO 

O 

© 

© 

in 

m 

m 

in 

n 

in 

in 

in 

in 

n 

in 

n 

in 

n 

n 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

in 

E 

<r 

7 

7 

<7 

7 

<7 

7 

<7 

<7 

<7 

*7 

7 

N7 

<r 

7 

<7 

*7 

7 

7 

7 

7 

7 

ON 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

I 

Ps 

Ps 

Ps 

p. 

rp 

Ps 

rp 

p- 

Pn 

fp 

Pv 

fp 

P*s 

Ps 

Ps 

Ps 

Ps 

Ps 

Ps 

FP 

Ps 

Ps 

Ps 

Ps 

Ps 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

00 

U-N 

O' 

o 

ao 

O' 

cO 

cO 

cD 

n 

CO 

© 

04 

Ol 

7 

© 

7 

ON 

© 

© 

© 

04 

ps 

ip 

in 

04 

00 

in 

7 

o 

On 

*- 

•— 

»— 

© 

in 

04 

® 

Ps 

© 

© 

© 

o 

04 

© 

in 

•— 

in 

© 

«- 

© 

*-> 

O 

ps 

0. 

d 

o 

ON 

d 

ro 

n 

d 

P^ 

ad 

© 

o 

f— 

ON 

«7 

ad 

© 

IP 

rp’ 

04 

fp 

Ol 

04 

rvj 

04 

ON 

<7 

n 

© 

pp 

© 

© 

«— 

Ol 

m 

© 

7 

in 

© 

© 

7 

rsi 

© 

o 

© 

00 

ao 

00 

CO 

00 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

" 

- 

- 

- 

<* 

V 

in 

i n 

ps 

m 

© 

O 

in 

04 

ao 

o 

ON 

n 

© 

© 

ON 

© 

in 

P4 

O' 

in 

© 

in 

04 

ps 

© 

in 

o 

PM 

© 

n 

in 

CD 

CD 

On 

Ps 

fp 

© 

© 

© 

O 

ON 

in 

ON 

in 

© 

CO 

© 

•— 

© 

7 

© 

Ps 

© 

3 

© 

00 

00 

ad 

ao 

ad 

ad 

ad 

ao 

ao 

ao 

ad 

ad 

ad 

ad 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

d 

d 

© 

O' 

NO 

© 

© 

© 

CD 

© 

cO 

© 

© 

CD 

CO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

— J 

*“ 

*- 

— 

m 

U“N 

CO 

PM 

00 

Ps 

04 

ao 

n 

ON 

o 

pv 

04 

© 

in 

Ol 

© 

© 

in 

04 

ON 

in 

CM 

m 

ps 

00 

o 

rsi 

ON 

in 

Ps 

O' 

© 

04 

<7 

in 

Ps 

© 

© 

© 

© 

© 

Ps 

© 

7 

© 

0| 

© 

© 

rp 

ON 

O' 

© 

d 

o 

d 

O 

o 

o 

o 

•— 

r-~ 

»— 

r- 

•— 

«— 

oi 

oi 

v— 

r— 

r- 

•“ 

*- 

*- 

*” 

04 

04 

04 

<C4 

04 

04 

<N 

Ol 

04 

04 

04 

04 

Ol 

Ol 

04 

04 

04 

04 

04 

m 

Ol 

04 

04 

04 

04 

7 

7 

7 

7 

*7 

-7 

<7 

7 

<7 

<7 

<7 

<7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

— i 

O' 

O' 

O' 

© 

ON 

© 

ON 

O' 

© 

ON 

ON 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

fP 

CD 

O 

04 

O' 

7 

n 

cD 

p*n 

© 

© 

© 

Ol 

O' 

in 

© 

IP 

© 

© 

© 

04 

© 

in 

O 

O 

04 

04 

Ol 

04 

Ol 

Ol 

Ol 

Ol 

© 

© 

© 

© 

«? 

7 

7 

7 

*7 

7 

<7 

7 

*7 

<7 

<r 

«7 

*7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

84 


4 


See  footnotes  at  end  of  table 


NWC  TP  6747 


85 


See  footnotes  at  end  of  table 


TABLE  B-1.  (Contd.) 


See  footnotes  at  end  of  table 


TABLE  B-1.  (Contd.) 


r 


NWC  TP  6747 


* 


► 


t 


87 


t 


See  footnotes  at  end  of  table 


TABLE  B-1.  (Contd.) 


TABLE  B-1.  (Contd.) 


f 


T 


* 


N’WC  TP  6747 


► 

r 


at 

s/ 

aj 

c 

Ol 

£ 

o 

O 

O 

O 

O 

O 

o 

O 

O 

o 

O 

o 

o 

O 

o 

O 

o 

© 

O 

© 

© 

© 

© 

© 

© 

© 

© 

© 

£ 

£ 

6 

A 

rsi 

A 

A 

rsi 

A 

O' 

7- 

rr» 

A 

7 

7 

A 

A 

T— 

7 

A 

© 

O' 

rs 

rs 

PM 

PM 

rsi 

f— 

A 

o 

A 

rs 

rs 

7 

PA 

IS 

rs 

o 

rs 

7 

PA 

O 

O' 

rsi 

7 

A 

O' 

A 

PA 

PA 

PA 

PM 

PM 

PS 

P M 

Pm 

pm 

PN 

rsi 

rsi 

rsi 

IS 

o 

O 

PSI 

PA 

7 

A 

A 

A 

7 

7 

7 

7 

PA 

PA 

o 

o 

O 

O 

O 

o 

O 

O 

O 

o 

O 

o 

O 

o 

o 

O 

O 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

W 

4 

o> 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

O 

w 

o 

PA 

A 

7 

PA 

A 

A 

fS 

O 

is 

A 

rs 

A 

A 

7 

7 

03 

A 

7 

rs 

A 

rs 

A 

A 

7 

A 

c 

pa 

PN 

«_ 

O 

O' 

PA 

7 

A 

A 

A 

A 

A 

A 

O' 

A 

A 

A 

7 

PS 

© 

O' 

A 

rs’ 

A 

A 

7 

PA 

PA 

CO 

CO 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

rs 

rs 

rs 

rs 

rs 

rs 

rs 

fs 

to 

3 

■A 

E 

1 

a 

3 

o> 

O 

T> 

rs 

pa 

A 

03 

A 

C 

O 

rs 

7 

1— 

PA 

rs 

A 

A 

7 

A 

A 

O 

rs 

A 

A 

© 

O' 

PA 

rs 

A 

A 

A 

•— 

33 

wi 

so 

a> 

00 

rs 

A 

A 

o 

o 

rsi 

S 

fS 

rsi 

PS 

A 

PS 

rsi 

IS 

© 

A 

A 

A 

7 

PA 

PM 

*— 

b 

03 

A 

to 

Of _ 

PM 

CO 

ao 

A 

A 

A 

O' 

03 

O' 

O' 

03 

03 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

A 

A 

A 

A 

A 

A 

A 

GO 

rs 

rs 

to 

"7 

1 

1 

* 

1 

1 

* 

1 

* 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

' 

1 

1 

1 

1 

1 

a  P 

E 

o 

o 

u 

O 

O 

CO 

pa 

pa 

7 

Psi 

m 

PS 

o 

A 

7 

IS 

A 

rs‘ 

A 

A 

rs" 

A 

rs 

rs 

IS 

rs 

rs 

A 

o 

PA 

rs 

PA 

is’ 

A 

A 

7 

iA 

PA 

PA 

rs 

rs 

© 

A 

O' 

03 

rs' 

PA 

rs* 

A 

A 

A 

A 

CO 

7 

PM 

»N 

PS 

1 

rs 

1 

PS 

1 

rs 

1 

rs. 

I 

rs. 

i 

rs 

1 

rs 

I 

rs 

i 

rs 

rs 

1 

rs 

I 

rs 

i 

A 

rs 

l 

rs 

1 

rs 

rs 

rs 

i 

rs 

t 

rs 

i 

A 

A 

i 

A 

i 

A 

A 

1 

A 

A 

1 

O 

A 

CO 

A 

PS 

A 

A 

7 

PA 

7 

A 

A 

7 

O' 

A 

O 

O' 

© 

© 

7 

© 

A 

A 

PS 

7 

A 

© 

pa 

PM 

PS 

PA 

s 

rsi 

PA 

PA 

m 

PA 

rs 

A 

m 

ro 

ro 

c 

o 

o 

►— 

b 

o 

o 

b 

o 

o 

o 

o 

o 

o 

o 

O 

o 

b 

o 

C 

© 

© 

© 

© 

b 

b 

© 

© 

b 

b 

b 

o 

<v 

E 

£  J! 

00 

<7 

7 

A 

7 

rs 

rs 

is 

PA 

PA 

7 

*— 

•— 

• — 

O' 

7 

A 

7 

IS 

PM 

•— 

A 

rs 

A 

© 

(S 

7 

co 

o 

VJ 

cn 

<7 

3  0 

o  ** 

PS 

o 

PM 

o 

PS 

b 

PS 

o 

rs 

o 

s 

b 

PS 

o 

PA 

o 

PA 

o 

PA 

b 

PA 

o 

7 

o 

7 

o 

7 

o 

7 

o 

7 

o 

7 

b 

7 

b 

7 

© 

7 

b 

7 

b 

PA 

© 

PA 

© 

PA 

b 

PA 

© 

PA 

© 

PA 

b 

PM 

b 

i~M 

£  * 

rsi 

pm 

PS 

A 

o 

r- 

PS 

o 

PS 

A 

PA 

A 

PSI 

A 

A 

A 

A 

PA 

PS 

_ 

PM 

PM 

PM 

PM 

c  ° 

_  p* 

O 

o 

o 

b 

o 

b 

O 

o 

O 

o 

o 

b 

o 

o 

q 

b 

o 

b 

o 

o 

o 

b 

o 

o 

o 

o 

PM 

o 

o 

o 

o 

rsi 

o 

© 

© 

© 

© 

© 

© 

o 

© 

O 

© 

© 

© 

o 

b 

© 

© 

© 

© 

o 

b 

© 

b 

A 

CO 

A 

<7 

A 

J 

03 

A 

rs 

o 

PS 

o 

PM 

03 

o 

7 

rs 

A 

A 

A 

A 

© 

rs 

© 

■ 

A 

03 

A 

*“■ 

PA 

A 

PA 

PS 

7 

o 

A 

A 

o 

A 

PA 

rs 

A 

A 

O' 

A 

A 

A 

A 

PS 

PA 

PM 

b 

rs’ 

rs 

b 

rsi 

A 

7- 

PS 

PA 

PA 

PA 

PA 

rsi 

rs 

V 

b 

r— 

<s 

A 

rs 

A 

03 

o 

Psi 

A 

A 

O' 

A 

A 

A 

rs 

rs 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

rs 

rs 

rs 

rs 

rs 

E 

7 

7 

<7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

<33 

03 

O' 

O' 

O' 

O' 

O' 

03 

O' 

03 

O' 

03 

03 

03 

O' 

O' 

O' 

O' 

O' 

03 

O' 

O' 

03 

A 

A 

A 

A 

A 

O 

rs 

rs 

rs 

rs 

rs 

fs 

rs 

rs 

rs 

rs 

PS 

rs 

rs 

rs 

rs 

rs 

A 

O' 

O' 

O' 

03 

03 

O' 

O' 

O' 

O' 

O' 

03 

03 

O' 

O' 

03 

03 

o 

03 

O' 

03 

03 

A 

A 

A 

A 

A 

A 

c 

rsi 

A 

A 

7 

7 

PA 

o 

A 

fS 

A 

7 

A 

PS 

rs 

A 

rs 

rs 

© 

A 

A 

A 

PA 

A 

m 

PN 

O' 

03 

A 

pm 

A 

O 

O 

7 

A 

«— 

O' 

*— 

A 

O 

A 

rs 

7 

7 

A 

rs 

A 

© 

A 

rs 

PM 

«-■ 

b 

«T 

A 

A 

rs 

O' 

*— 

7- 

O' 

03 

rsi 

b 

PA 

A 

PA 

A 

A 

© 

A 

rs 

rs’ 

PA 

« — 

PS 

03 

A 

o 

o 

O' 

rs 

rs 

A 

03 

o 

O 

o 

© 

03 

O' 

03 

© 

A 

A 

PA 

rs 

A 

A 

A 

rs 

rs 

rs 

rs 

rs 

A 

A 

A 

A 

rs 

rs 

rs 

A 

A 

A 

rs 

rs 

rs 

rs 

LLI 

" 

" 

- 

* 

Or 

A 

pa 

m 

PA 

PA 

A 

A 

A 

A 

A 

A 

A 

m 

PA 

A 

PM 

PM 

A 

PM 

PM 

rs 

© 

pm 

PM 

Psi 

pm 

PM 

T 

*“ 

*“ 

*“ 

*** 

•— 

*- 

*“ 

O' 

rs 

7 

PS 

© 

A 

A 

«— 

© 

© 

© 

o 

© 

PS 

rsi 

psi 

<s 

PM 

rsi 

PM 

PS 

PM 

PS 

rsi 

PS 

IS 

PS 

— 

*- 

— 

— 

© 

o 

© 

b 

© 

b 

© 

b 

03 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

o 

*“ 

— 

*“ 

- 

*- 

- 

*“ 

- 

- 

- 

- 

' 

i/3 

O 

rs 

PA 

O 

rs 

O 

PA 

rs 

A 

PS 

A 

A 

A 

O 

O 

© 

© 

rs 

PM 

rs. 

A 

PS 

O 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

A 

A 

PA 

7 

rs 

3 

•— 

•— 

•— 

PS 

rsi 

*— 

«— 

o 

O 

o 

o 

o 

o 

03 

03 

03 

03 

O' 

O' 

O' 

O' 

© 

© 

© 

© 

* 

*“■ 

*“ 

*” 

*“ 

*■" 

*"* 

7 

7 

7 

<7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

_l 

m 

m 

m 

pa 

PA 

m 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

c 

o 

vo 

rs 

A 

O' 

o 

PS 

PA 

7 

A 

A 

rs 

A 

03 

O 

PM 

PA 

A 

rs 

Q 

iA 

A 

A 

A 

A 

A 

A 

A 

A 

A 

rs 

rs 

rs 

rs 

rs 

rs 

rs 

rs 

rs 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

1/3 

89 


i 


I 


m 


See  footnotes  at  end  of  table 


TABLE  B-1.  (Contd.) 


XWC  TP  6747 


SJ 

Of 

c 

OI 

w* 

o 

o 

o 

©  © 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

© 

O 

© 

© 

© 

© 

© 

© 

© 

= 

£ 

d 

PV 

<7i 

O  rn 

m 

O' 

m 

pm 

© 

«— 

rv 

m 

O' 

«7 

, — 

© 

rn 

<7 

o 

in 

in 

Pv 

pv 

O' 

O' 

71 

cb 

O 

CO 

vO 

n 

o  — 

rv 

7 

rvi 

O 

<7 

© 

m 

© 

© 

© 

© 

© 

© 

PM 

© 

n 

7 

7 

n 

© 

© 

© 

m 

© 

<N  «- 

© 

© 

O 

© 

rvi 

rr» 

<7 

m 

m 

m 

*T 

«7 

in 

in 

© 

© 

© 

© 

© 

© 

© 

© 

O 

O 

O 

©  © 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

O 

© 

© 

o 

o 

© 

© 

© 

© 

© 

© 

© 

© 

u 

© 

m 

in 

in 

in  in 

«y 

in 

in 

in 

in 

m 

in 

© 

in 

in 

in 

© 

in 

in 

m 

© 

m 

in 

7 

7 

7 

7 

7 

7 

o 

u 

O 

u~l 

_ 

vO 

O  rn 

in 

cm 

© 

rv 

© 

rv* 

rv 

m 

<7 

<J 

in 

Pv 

© 

o 

© 

rvi 

7 

7 

_ 

in 

© 

in 

7 

7 

r>i 

PM 

—  O 

rvi 

rv< 

rn 

rn 

<7 

<7 

in 

© 

rv 

CO 

© 

© 

© 

n 

rv 

cb 

O' 

v— 

r— 

— 

«— 

PM 

pv 

Pv 

r- 

rv  rv 

rv 

rv 

pv 

rv 

Pv 

f*v 

rM 

Pv 

r»v 

Pv 

pv 

rv 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

S  e 

1 

©  ^ 

o  * 

rv 

L/f 

rv 

©  7 

© 

m 

O' 

® 

_ 

C 

© 

<7 

in 

© 

Pv 

© 

© 

PM 

PM 

in 

m 

in 

© 

© 

® 

Pv 

© 

®  w» 

© 

00 

00 

r-v 

rv  d 

r» 

ao 

© 

O' 

© 

d 

© 

rvi 

rn 

<7 

in 

© 

r— 

© 

71 

in 

rv 

rv 

rv 

rv! 

pv’ 

Pv' 

pm 

Pv 

pv 

1 

pv 

1 

rv  Pv 

r-> 

1 

Pv 

tv 

1 

rv 

1 

© 

© 

© 

© 

© 

© 

© 

© 

T 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

1 

1  1 

* 

1 

* 

1 

1 

* 

1 

1 

1 

* 

1 

1 

1 

1 

1 

1 

1 

a.  £ 

6  o 

3  S 

O 

o 

VO 

© 

pm 

rn 

© 

pm 

O'  rn 

7 

rsi 

rn 

Pv 

rn 

© 

7 

© 

<7 

© 

m 

© 

in 

PM 

vO 

m 

rvi 

cb 

in 

Pv 

O' 

© 

© 

© 

in 

© 

rv' 

O 

Oi 

7 

© 

© 

PM 

o 

rsi 

© 

rsi 

7 

rsi 

7 

PM 

PM 

Psl 

(M 

vO 

1 

© 

© 

©  vO 

1  1 

© 

1 

© 

© 

1 

© 

1 

© 

1 

© 

1 

© 

i 

© 

© 

l 

© 

i 

© 

1 

© 

rv 

l 

rv 

t 

rv 

1 

rv 

Pv 

1 

CO 

© 

GO 

© 

CO 

CO 

CO 

(7i 

CO 

c 

m  in 

in 

in 

in 

r- 

© 

© 

© 

© 

© 

© 

in 

© 

<J 

© 

© 

PM 

PM 

© 

© 

m 

in 

<>4 

pm 

im 

rsi  m 

IM 

r* 

rvi 

rvi 

rvi 

rsi 

rvi 

PM 

rn 

© 

m 

© 

fv 

rv 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

c 

o 

K 

o 

O 

O 

©  d 

O 

© 

o 

© 

© 

© 

d 

© 

O 

o 

d 

© 

© 

o 

© 

d 

© 

© 

d 

© 

© 

d 

o 

© 

5  a< 

00 

rv 

m 

m  in 

in 

«n 

<7 

© 

m 

m 

© 

© 

© 

© 

<7 

m 

rv 

© 

© 

© 

© 

. — 

*— 

PM 

.M 

PM 

7 

7 

o  oi 

pm 

pm 

rvi  im 

rsi 

<m 

PM 

fM 

ni 

PM 

rvi 

rvi 

rvi 

PM 

© 

m 

© 

7 

PM 

PM 

PM 

© 

© 

© 

© 

© 

© 

© 

c  -» 

o  * 

o 

O 

O 

d  d 

© 

© 

d 

O 

d 

© 

d 

© 

© 

© 

© 

d 

© 

© 

d 

© 

© 

d 

d 

© 

© 

o 

© 

d 

I- 

s  * 

•- 

«- 

§  § 

© 

© 

§ 

© 

© 

© 

S 

o 

*7 

rv 

© 

PM 

© 

© 

_ 

c  a 

o 

o 

© 

© 

o 

© 

o 

O 

© 

© 

© 

© 

fN 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

£  2 

o 

d 

© 

d  © 

O 

© 

© 

© 

d 

d 

d 

d 

d 

© 

© 

d 

o 

© 

© 

© 

© 

o 

© 

d 

© 

© 

o 

© 

in 

rvi 

vO 

©  O' 

O' 

O' 

<7 

in 

*7 

© 

o 

© 

© 

PM 

in 

© 

rvi 

© 

rvi 

PM 

PM 

7 

© 

rn 

O 

® 

so  rv 

pm 

rvi 

<7 

© 

PM 

in 

in 

© 

© 

© 

PM 

Pv 

Pv 

© 

Pv 

PM 

© 

in 

d 

d 

O' 

©  — 

© 

O' 

© 

rv 

© 

in 

•«7 

•7 

rn 

© 

© 

© 

O' 

71 

rsi 

d 

O' 

cb 

cb 

rv" 

©  © 

© 

rv 

rv 

rv 

Pv 

p^ 

P- 

Pv 

Pv 

r- 

pv 

pv 

© 

© 

© 

in 

in 

m 

7 

7  <7 

7 

vr 

c 

<7 

*7 

^7 

^7 

*7 

*7 

<7 

<7 

•7 

7 

7 

7 

7 

7 

7 

7 

7 

as 

O' 

©  O' 

O' 

O' 

© 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

3 

rv 

n* 

fv 

r> 

Pv 

rv 

Pv 

Pv 

Pv 

rv 

rv 

Pv 

rv 

pv 

pv 

rv 

rv 

Pv 

rv 

rv 

PV 

© 

O' 

O' 

O'  O' 

O' 

© 

© 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

c 

vO 

ao 

Pv  vO 

© 

m 

m 

« 

© 

m 

© 

<7 

© 

© 

© 

© 

© 

© 

© 

© 

pv 

<7» 

7 

© 

m  © 

<T 

m 

© 

in 

© 

rvi 

fN 

© 

<7 

<7 

® 

Pv 

© 

© 

© 

*— 

© 

© 

© 

© 

7 

rsi 

** 

rn 

oi 

©  rn 

co 

rn 

© 

rvi 

•— 

rn 

© 

rv 

© 

d 

o 

rn 

«7 

«— 

rv 

oi 

o 

© 

PM 

7 

in 

rv 

rv  rv 

rv 

© 

© 

O' 

© 

© 

O 

© 

© 

o 

© 

© 

© 

Pv 

•— 

PM 

© 

© 

© 

© 

© 

© 

rsi 

Of 

Ui 

P*N 

© 

© 

pv 

Pv 

© 

pv 

pv 

pv 

Pv 

© 

© 

© 

rv 

Pv 

pv 

© 

© 

© 

© 

* 

a 

m 

© 

© 

rvj  rsi 

m 

n 

m 

© 

© 

© 

© 

© 

© 

© 

© 

© 

in 

© 

in 

PM 

© 

T 

© 

©  «- 

rvf 

<7 

© 

© 

O 

© 

© 

© 

rv 

© 

rvi 

7 

© 

© 

© 

Psl 

t 

o 

o 

d 

©  d 

o 

d 

d 

d 

— 

— 

— 

— 

— 

— 

- 

— 

- 

rsi 

fM 

rsi 

rn 

© 

© 

rn 

© 

7 

7 

vO 

vO 

© 

VO  © 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

C 

* 

•*“ 

•— 

*— 

•— 

•— 

T— 

r— 

•— 

r— 

•— 

r— 

r— 

— i 

- 

* 

o 

rv 

m 

rvi  rv 

p*. 

in 

in 

in 

© 

rvi 

in 

Pv 

© 

m 

in 

in 

rv 

© 

in 

© 

© 

o 

*N 

© 

© 

^7 

m 

© 

© 

© 

<7 

m 

•— 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

3 

o 

d 

© 

© 

d 

d 

© 

© 

7 

7 

7 

<7  vr 

7 

7 

«7 

<7 

^7 

<7 

<7 

<7 

«7 

*7 

7 

7 

7 

7 

—> 

m 

m 

m 

m 

m 

m 

m 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

C 

o 

m 

vO 

pv 

co  o' 

© 

rvi 

m 

<7 

m 

© 

Pv 

© 

© 

© 

rv 

o 

co 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

O 

© 

© 

© 

© 

© 

© 

*— 

in 

in 

in 

in 

in 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

in 

90 


Jk 


See  footnotes  at  end  of  table 


TABLE  B-1.  (Contd.) 


N'WC  TP  674 


qqoqoooqqoqoqqqoqqqoqqqqq  qoq  q 

O'-iNWiAi/iNCO'-ir^N^^S'fiWiO'-iniJ'CDOCDCD  ;  m  ^  n  x 

OOOOOOOO*—  •—»-«—  .  rsi  -n 

ooooooooooooooooooooooooo  oooo 


«■»  000'0'coa0fv'fv^©©u''y>u''^i/'»i/'>u''i/'i/'u't/'v0v0u’'i/'u'w> 
J'ff'U'COODCOCDCDCOafflOaJCOCOCDCDOfflCOCDCDajaJaacDOCDOD 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


iS>  *—  O'  O  O'  m  «—  q,r*.vOcOr>»^m>>0©O'©rgpr'^'CT'COi-N«—  o  O' 
NN^ifii^uigcCfflrooiiNiNiNfNiNmfNrfifnrnrnrnrrifiirnrni^ 


f-'*'*00'^flONNX)i0^9  CCl,'l9  9  9  m9C97  9  9  9  9  w 
aoaococor^r*vr^r-.rN.r«.r^r^r^r».rN.r-.r^r^f*«-fvf^rvr^psvr«^fv.r*vr>.rv 
I  l  l  i  I  I  i  l  l  i  i  i  i  i  . . .  i  i  i  i  i  i 


’7UlN'j»jifii£cDC7'<-/'<imiN<-f\N(?cO^^<T,T^rors-^u^ 

onmm^mwnnm^viaD^mrnmmr^^N^rsir^rNrN^i-si.-sjrsjmrMi^j 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


f'1'  *7  <7  <7  i"nj  <7  «7<7r'a«—  «~oO0'0'0,'<',',7r'"irnmfNfM0'O'<''’'r*tf-sj.— 

odddoddoddoddddddoodoooodoood 


qqq^qqqqqwjqqqqqqqqqoooqoooooo 

dddddddddodddddddddoddd  dddddo 


O  1A  N  o  iO  7  (J'CON<TOlA(7'COlO^^^®(Jl'NirtEmir'a'^fNm 
vn©*»qvoqqq*-;qr*.<Tcnqqinf'jo}qvo©wn*-0'fv©r»»©^ 
ifl»fli/'«rmiNmr»ioiN'lnciXmr>JiN^^oiNN'iO(flmc^odcb 

22222S2,?,:T,,*,<,<T,T*T<T*,,T,T<T<:r,3'<T*:r<:T,^<T<7':3‘ 

rvrs.rvf*sr-.rNf^rvr^f*^r*».rvrN.r^rNr^r*Nr^r,vrvr*sr^f^r»sr^rvfv.p^p«^ 

O'O'O'O'O'O'O'O'O'O'O'G'O'O'O'O'O'O'O'O'O'O'O'O'O'CT'O'O'O' 


<7\mr^.m^OcO<TkO<7,  n4«T<T(7''--^-f—  r^  ^o^orv'rj'rri^cjdv/iid 
rnmvooo*—  'v>m^»-^oooo<>Ji/,tLDooo>«-‘i*nmi/^qo'coo>CT'«—  «r 

GO  GO  00  GO  O'  O'  O'  O'  O  O  O  »-»—»—»—*—»—«—  r\j  r%4  rsj  r\j  « —  »—  r\t  r\, 
^(NrMi^rM/Nrsir^rNr^i-^r^r^r^rsir^r^rgrMrvjfN 


aorvrvu^ooOOOrv4r*'OfT'p,,»^r,^p'»cors»or^'r>.mr^o^'NOrsj^ 
^q®q,Ni/^rvo''N^vfipN.^^mi/'r^o''“  in  o  ^  co  o  ^  i/'f^ooo 
7<T9^iniAlAIAlfl\0vd'fllfiS^NfSNc6c6cDcbo0'ljifliff'0'6 

s£vOlOvOvO'0'OvOv£v0^vOvOvOlOlOU9vOvOvO^DvO^OvOv£^vOvCvc 


OqooaDcococccOGoaJcoaDooococomrsjcor-.LnrMOun'-s/f^  u->m 
qqu*}u^u^u^ininu^u^inunqqvoqpvao<7s<3^0'-'No,'^irti^vON 


^  «T  »f  «T  «J  «7  C 


«7i/'^pva00'O'--^m<7  lti  ^  ao  a>  O  —  rsj  m  *?  t/s  >x>  r-  coo*“  rsj  ob 


See  footnotes  at  end  of  table 


TABLE  B-1-  (Contd.) 


NWC  TP  6747 


>/* 

w 

Is 

o 

O 

O 

o 

O 

o 

O 

o 

o 

O 

O 

© 

© 

© 

© 

© 

© 

© 

© 

O 

© 

© 

© 

© 

O 

© 

O 

© 

O 

£ 

E 

© 

m 

ab 

O' 

rn 

os 

O' 

d 

© 

IN 

cb 

7 

r— 

n 

rs’ 

cb 

on 

rs 

os 

cb 

d 

d 

•— 

7 

»— 

© 

© 

d 

7 

£ 

on 

© 

o 

rs 

D 

~n 

<7 

-7 

© 

7 

n 

O 

© 

© 

7 

rs 

7 

© 

© 

© 

© 

<7 

in 

n 

in 

n 

on 

rn 

on 

7 

7 

7 

7 

7 

© 

© 

7 

m 

7 

© 

© 

© 

7 

7 

7 

7 

O 

o 

o 

O 

O 

O 

© 

© 

© 

o 

© 

O 

© 

© 

© 

© 

© 

© 

© 

© 

© 

O 

O 

© 

© 

© 

© 

o 

© 

4 

O' 

© 

© 

m 

in 

n 

n 

n 

n 

n 

n 

in 

in 

U' 

in 

© 

© 

© 

© 

© 

© 

© 

© 

o 

u 

m 

Ps 

O' 

© 

O 

os 

D 

IN 

rs 

os 

D 

in 

in 

rs 

Ps 

© 

D 

os 

© 

© 

os 

O 

© 

7 

7 

© 

© 

© 

© 

<7 

<N 

in 

in 

n 

d 

d 

in 

in 

n 

in 

«— 

7 

on 

7 

7 

7 

7 

© 

© 

© 

© 

© 

7 

7 

7 

7 

7 

u-i 

rs 

D 

CO 

CO 

CO 

CD 

D 

D 

D 

D 

cO 

D 

os 

1 

CO 

D 

D 

CD 

D 

D 

CD 

CO 

CO 

CO 

CO 

CD 

00 

CO 

CO 

<30 

CO 

Si 

cr>  ^ 

•- 

rs 

o 

O' 

<7 

sO 

Ps 

IN 

IN 

•- 

os 

CO 

on 

*- 

rs 

7 

7 

on 

© 

7 

© 

os 

© 

© 

on 

on 

© 

CO 

os 

© 

on 

os 

. — 

on 

on 

on 

«7 

on 

d 

on 

Osi 

m 

on 

m 

on 

7 

71 

7 

7 

7 

on 

on 

on 

on 

on 

7 

Of  0/ 

os 

1 

O' 

i 

O' 

1 

O' 

1 

O' 

1 

O' 

1 

O' 

1 

o* 

1 

© 

1 

O' 

1 

O' 

O' 

os 

1 

O' 

1 

O' 

1 

O' 

\ 

O' 

i 

© 

1 

© 

© 

© 

1 

© 

1 

© 

© 

© 

l 

© 

1 

© 

© 

© 

© 

1 

Q.  £ 

£  o 

5  *■ 

o 

O' 

<7 

n 

*7 

7 

n 

7 

7 

on 

© 

© 

© 

© 

CO 

ps 

© 

rs 

© 

OM 

on 

© 

IN 

7 

«— 

•— 

© 

© 

© 

on 

on 

O 

on 

rsj 

rsi 

on 

on 

on 

rn 

on 

rs 

O' 

*— 

d 

r— 

osi 

OS 

Osi 

, — 

e— 

*— 

t— 

»— 

< — 

os 

PS 

rs 

rs 

O' 

rs 

Os 

rs 

IN 

Ps 

IN 

rs 

rs 

rs 

rs 

rs 

rs 

fS 

rs 

IN 

IN 

rs 

I 

1 

1 

1 

1 

1 

1 

» 

1 

1 

OS 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

l 

1 

1 

1 

1 

1 

CD 

*7 

<7 

<7 

D 

© 

on 

© 

rs 

fN 

© 

© 

© 

© 

© 

© 

© 

7 

© 

on 

7 

7 

on 

7 

7 

© 

© 

© 

os 

<7 

os 

rs 

os 

on 

os 

os 

OM 

os 

*“ 

f— 

*— 

•— 

•— 

•— 

os 

*“ 

«— 

r~ 

•— 

«— 

*— 

•— 

*— 

IN 

c 

© 

o 

o 

d 

o 

o 

© 

d 

o 

d 

o 

© 

© 

o 

d 

d 

© 

d 

d 

d 

© 

© 

d 

d 

d 

d 

d 

d 

© 

d 

0 

S  E 

»-  SI 

£  £ 

o 

rs 

© 

Ov 

D 

O' 

CO 

IN 

<7 

in 

7 

7 

7 

7 

on 

on 

on 

on 

on 

m 

on 

OM 

on 

on 

rs 

on 

on 

7 

© 

S  0» 

c  ^ 

a  ° 
O  M 

os 

O 

o 

o 

o 

o 

o 

© 

o 

o 

O 

© 

d 

© 

© 

O 

o 

o 

d 

© 

© 

d 

o 

o 

© 

d 

d 

o 

d 

d 

rs 

© 

t  * 

CO 

*7 

D 

rs 

SO 

O' 

D 

© 

Os 

so 

m 

m 

rs 

rs 

rs 

rs 

on 

OS 

rs 

rs 

Os 

7 

© 

c  © 

o 

d 

fN 

o 

O 

o 

o 

d 

o 

d 

d 

O 

© 

© 

© 

© 

© 

d 

© 

d 

© 

© 

© 

© 

© 

© 

O 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

d 

© 

d 

© 

© 

© 

d 

© 

o 

© 

d 

© 

d 

© 

d 

os 

D 

© 

D 

*7 

n 

CO 

m 

© 

On 

Ps 

in 

© 

© 

os 

© 

© 

Os 

7 

© 

OM 

c 

© 

rs 

© 

© 

on 

•— 

rs 

D 

rs 

PS 

•— 

o 

© 

© 

<7 

© 

© 

7 

on 

PN 

D 

© 

OM 

7 

© 

© 

Ps 

CO 

© 

7 

© 

© 

os 

rs 

os 

d 

<7 

on 

rs 

n 

on 

osi 

•n 

d 

IN 

in 

n 

fN 

on 

on 

rs 

rs 

_ 

© 

cb 

Ps’ 

© 

rs 

cb 

© 

© 

© 

d 

© 

m 

on 

m 

rN 

os 

os 

os 

OS 

os 

OS 

OS 

os 

in 

os 

os 

rs 

rs 

OS 

OM 

r m 

£ 

<7 

7 

7 

*7 

•7 

7 

<7 

*7 

*7 

7 

■7 

7 

OS 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

© 

O' 

O' 

O' 

© 

O' 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

In 

ps 

Ps 

IN 

Os 

IN 

IN 

rN 

IN 

IN 

PN 

IN 

rs 

IN 

is 

IN 

Ps 

rs 

IN 

IN 

rs 

rs 

IN 

IN 

rs 

IN 

rs 

rs 

© 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

c 

«D 

o 

O' 

Ps 

n 

*7 

sO 

on 

on 

on 

D 

© 

© 

on 

os 

O' 

© 

© 

D 

CO 

CO 

m 

on 

CO 

© 

on 

on 

O 

D 

Pv 

in 

D 

© 

*— 

in 

m 

CO 

D 

D 

© 

Os 

7 

7 

© 

OM 

7 

«— 

© 

7 

© 

© 

© 

rs 

© 

© 

© 

*  ^ 

•— 

d 

O' 

on 

IN 

d 

T— 

CO 

os 

cb 

on 

rs 

d 

o 

m 

r— 

© 

© 

d 

osi 

© 

in 

IN 

© 

7 

d 

7 

d 

cO 

in 

in 

O' 

© 

CO 

on 

os 

in 

rs 

© 

os 

m 

on 

on 

© 

Ps 

© 

© 

© 

© 

© 

o 

© 

CO 

© 

os 

C'i 

on 

<7 

<7 

in 

<7 

<7 

<7 

7 

7 

in 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

UJ 

os 

ON 

os 

rs 

OS 

os 

os 

os 

os 

rs 

rs 

rs 

rs 

OM 

os 

rs 

os 

rs 

os 

os 

OS 

os 

OS 

rs 

OM 

os 

OS 

Os 

os 

Os 

OS 

m 

CO 

ON 

D 

CO 

in 

© 

IN 

in 

OM 

© 

D 

Ps 

© 

© 

ps 

Ps 

© 

D 

Ps 

© 

on 

rs 

fN 

on 

on 

os 

m 

in 

in 

D 

© 

OM 

in 

sO 

CO 

O 

OM 

m 

n 

© 

© 

rs 

© 

on 

© 

rs 

© 

© 

on 

os 

© 

© 

CO 

3 

■*-< 

d 

O 

o 

o 

O 

rs 

os 

OS 

rsi 

os 

osi 

os 

rs 

on 

on 

on 

on 

on 

on 

on 

on 

on 

Os 

os 

5» 

c 
o 
— 1 

© 

© 

© 

© 

© 

<o 

© 

© 

sO 

© 

SO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

<• 

D 

rs 

in 

on 

o 

D 

n 

n 

os 

© 

D 

in 

on 

os 

on 

© 

© 

© 

© 

© 

© 

CO 

© 

rs 

OS 

on 

rs 

O' 

O 

*“ 

os 

on 

7 

in 

wn 

© 

PS 

CO 

O' 

*- 

OS 

os 

os 

os 

OM 

Os 

rs 

on 

© 

© 

rs 

CO 

© 

on 

3 

OM 

rsi 

ni 

on 

on 

on 

on 

on 

on 

on 

on 

on 

on 

on 

on 

7- 

7 

7- 

7- 

7 

7" 

7 

71 

T1 

7 

7 

7 

7 

7 

+■* 

7 

<7 

7 

7 

<7 

*7 

<7 

*7 

*7 

<7 

7 

7 

a 

B 

H 

B 

B 

B 

a 

a 

a 

a 

a 

a 

a 

a 

-J 

on 

on 

on 

on 

on 

on 

m 

m 

on 

on 

on 

on 

on 

m 

on 

on 

on 

m 

on 

m 

on 

on 

m 

on 

on 

on 

on 

on 

c 

o 

7 

© 

© 

rs 

CO 

O' 

© 

os 

on 

7 

in 

© 

fs 

D 

O' 

© 

OS 

on 

rs 

on 

7 

<7 

7 

7 

<7 

7 

in 

© 

in 

in 

in 

in 

in 

in 

© 

© 

© 

© 

© 

© 

© 

rs 

7 

© 

© 

© 

© 

SO 

SO 

<D 

SO 

so 

sO 

sO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

See  footnotes  at  end  of  table 


TABLE  B-1.  (Contd.) 


N'WC  TP  674' 


o  qqqqqqqqqqqqqqqqqqqqqqoqqqq 

©  ’®^r,j©u''®0^©r,nr''.<T®®0r''-  2COffltO(J'C23^r'  JO  © 

©  !  ©  ©  ©  <T  ■O  ^mmr»irommr»^«7rr(rnr^>(^,iromr^  «—  •—  •—  OO 

O  OOOOOOOOOOOOOOOOOOOOOOOOOOO 

©  ©©©©©©in©©©©©©©©©©©©©©©©©©©© 


<J9>OinNCiflCOCONffiO 


CO  <T>  ©  ©  ©  O' 


©  «—  pm  m  © 


«t^7<o©©©©©©i-<‘'©©©©p*vp-'^^cooocOoo^“*cog30'0'0'© 

(SCOCOCOCOCOCOCDOCDCOcOCOCOCOCOCDOCDCDCOCOCOCOtSCOCOCO^ 

I  I  t  1  I  )  I  I  I  I  I  I  t  I  I  I  I  I  I  I  I  1  i  I  I  I  I  I  l 


0'NCC^'N^i/'r'NiAlCin03COi%CO'C03N!7''JO'£J'0^^fsCT' 
rv^r^rsjm(^rororor^nnr»^mmm<7^T<?  «T 

O'O'O'O'O'O'O'O'O'O'O'O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 


N®<fiO<TONCOO 


•^'N^roror^rod<T‘3'':7'3,LnLn^O^Dr^(^-rv'COCOCO'-Of^'fs^oOcOCOCT' 
p^r^r^.r»r^rv-r^r^r~-r^r^r^r^-r^.r^f^r^r^r^.p^r^r^r^(^f^.r^.r^r^  r^ 
I  l  I  l  i  I  i  I  I  <  I  I  i  i  i  (]  i  I  l  l  <  l  I  i  i  I  i  i 


ooooooooooooooooooooo 


S  N  N  N 


o  o  o  o  o  o  o 


ooooooooooooooooooooooooooooo 


«jr**0'f*'-©^«^n*mn-<*T©©©©©«^©*-MrMcs*(*M.-  '"•4  fN  r\j  rN 
ooooooooooo  —  oooooooooaoppooooo 
doddddddddddodooodddddddooooo 


co*-©'-<*MP,'©mao©©ao©q,f>Nf>40oo<'n©r*s.®©.—  ©r^r^r^*’*' 
p  r*;  rn  r<.  p©©rNO'r-vrv«-  ©  oj  cn  r«»  ^©^-cnrNOor^coo  — 

inddfNIA'fl’J'JlANcbo'NuiNcbcdd'NPnqcd'-  'NlNrniA^ 
rMmcnmm<''>cnrT'f»'rnm«j<T*r*T*r«y©©©©©*T«T«T<T<y«q'«j 
9«T<T<T^’TC«T<T'T'T^<T'!T<T«J<TC«T«J^«T5r«T>?<I«T<J^ 
O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 

r«.r^r^rvfvr^r^r«*r^f*^rNrvrs'r^rvr>.^r^rvrvp^p>.p^r,^r>.r^rvr^r^ 
O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O'  O' 


O'0'<"r'^<'T'0'P''O'©fr*©mr^Om©c0<'«'*Tmmc0r*'©c0^©mrsj 
f*N  C'  O'  ^  00  CQ  ^  CD  ^  O'  O  ^  t'*  CO  ©  ©  »—  ©r-*.©©ao© 

Orni/'*^rNrv40'rMmO'©dr''i'*s4*7CT'f‘'j«—  CO  6  *N  CO  C'  ^ 

flOOCO^OOOO*—  0'©^OC0fr'0,'©©nj0'rv©«jr^.—  O'Nu'vmfN 

C<J','(Yir''iNm(viAjiN(\f\jr-  »—  00000'0'C'0'<“^,'n  , —  . —  , —  ,—  ,- 

fNl\(Ni\r^(NrN^rgi\(\(Nf\((N'N/\(\(Nr-  •—•—•—  rsir^rNi^i^rN^ 


^  O  O  CO  cO  ©©©mmmmmmr-.  r-.  ©mmr--ocOr\j®©rNjr-. 

rr?^PvP^rsfP°°v^^'rv‘OaOLOm*-©rv^rnm©©rv©Lnm 

©oooa'o'o'o'o'oooooocbaor'.i^i^r^ddddo'o'aoaoaoaoco 

©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ®  ©  ®  ©  © 


©  ©  ©  ©  ©  ©  © 


«7©r^-©©o«—  rsjmc©®r-^©©©r—  ©®r^  ®©o  —  <-s<  m 

rv  r^.r^r*~r^cocD<x>coc&a3cDaDcocDO'0'0'0'0'0'C'0'0'0'0)OC}<3> 

©©©©©©©©©©®©©®©©©®©©©®©©©rv.r-»r-r^ 


See  footnotes  at  end  of  t  >ble 


TABLE  B-1.  (Contd.) 


r 


NWC  TP  6747 


\ 

i 

i 


► 


y 


c 

a>  £ 

o 

O 

o 

o 

o 

O 

© 

© 

O 

o 

O 

© 

O 

© 

O 

o 

o 

a 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

£ 

© 

d 

© 

sd 

fM» 

S3 

© 

in 

© 

o 

o 

S3 

© 

pc 

PM 

O' 

O' 

ad 

d 

pC 

in 

I'M 

pC 

<r 

st' 

Pm* 

S3 

e 

Pm 

© 

PP» 

© 

O 

in 

© 

in 

in 

in 

Pm 

in 

in 

pm 

S3 

CO 

S3 

© 

i-M 

PM 

o 

© 

© 

© 

© 

© 

CO 

CO 

Pm 

P- 

© 

© 

© 

© 

© 

•N 

•'M 

Pm 

pj 

O 

O 

O 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

O 

© 

© 

o 

U 

ai 

0 

VJ 

O' 

m 

iO 

iPl 

t/l 

m 

m 

<3 

<3 

*3 

*3 

S3 

<3 

•3 

S3 

S3 

S3 

S3 

in 

m 

m 

<3 

n 

in 

in 

m 

n 

in 

n 

o 

© 

O 

© 

o 

© 

in 

© 

o 

PM 

© 

© 

PM 

in 

S3 

m 

© 

PM 

© 

CO 

© 

© 

S3 

in 

© 

© 

o 

PM 

© 

O' 

o 

d 

r— 

o 

, — 

pm 

pm 

PM 

PM 

Pm 

r— 

d 

ad 

© 

O 

© 

© 

© 

© 

© 

d 

© 

© 

i— 

r— 

r— 

CO 

O' 

O' 

o» 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

CO 

© 

© 

© 

CO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

3  6 

CD 

3  O' 

O  -o 

•— 

PM 

LPl 

pm 

CO 

Pm 

O 

PM 

Pm 

P- 

<3 

PM 

in 

© 

CO 

in 

p- 

PM 

in 

o 

© 

Pm 

© 

© 

CO 

© 

© 

pm 

in 

in 

«  * 

© 

pC 

Pm’ 

P»' 

CO 

pc 

cd 

O' 

© 

© 

ad 

PM 

O' 

cd 

fM.' 

sd 

Pm 

<3 

sd 

© 

© 

© 

© 

sd 

© 

© 

sd 

PM. 

pC 

pC 

a*  om 

<N 

O' 

O' 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

iTJ 

c.  E 

e  2 

O  G 

O 

— 

pm 

so 

m 

o 

CO 

PM 

in 

Pm 

© 

<3 

© 

© 

© 

PM 

© 

S3 

CD 

<X> 

pm 

PM 

CO 

© 

© 

PM 

© 

© 

PM 

CO 

© 

O 

O' 

O' 

O' 

o 

© 

© 

*- 

r- 

PM 

© 

pm 

rsj 

d 

PM 

O' 

© 

© 

«- 

© 

© 

© 

«— 

r— 

<- 

«— 

r— 

— 

pm 

r% 

» 

Pm 

) 

Pm 

1 

00 

i 

ac 

> 

CO 

© 

CO 

i 

CO 

1 

ao 

1 

ao 

1 

CO 

J 

00 

CO 

CO 

CO 

I 

Pm 

1 

1 

ao 

CO 

1 

CO 

1 

CO 

i 

ao 

CO 

00 

00 

1 

CO 

CO 

as 

CO 

© 

© 

C 

*3 

sO 

m 

PM 

in 

Pm 

PM 

s3 

© 

© 

in 

S3 

PM 

© 

© 

© 

S3 

© 

in 

Pm 

© 

pm 

ao 

CO 

ao 

pm 

© 

© 

© 

© 

© 

PM 

© 

m 

m 

© 

© 

© 

c 

o 

O 

H- 

o 

o 

o 

o 

o 

© 

o 

© 

© 

d 

O 

d 

© 

O 

d 

o 

o 

o 

© 

d 

o 

o 

o 

o 

© 

d 

o 

© 

© 

o 

*  6 

in 

© 

© 

© 

S3 

in 

in 

© 

PM 

© 

PM 

PM 

© 

CO 

© 

© 

PM 

© 

© 

PM 

© 

© 

© 

© 

© 

© 

© 

o  5) 

C  ^ 

3  o 

O  *■* 

pm 

o 

o 

o 

o 

d 

O 

d 

d 

o 

PM 

d 

PM 

© 

© 

© 

© 

© 

© 

o 

© 

o 

© 

o 

PM 

o 

PM 

© 

PM 

© 

pm 

o 

© 

o 

PM 

d 

© 

o 

© 

© 

© 

o 

PM 

© 

pm 

O 

pm 

o 

PM 

© 

Pm 

© 

~  rM 

« s 

,_ 

,_ 

»_ 

PM 

© 

PM 

© 

p 

in 

© 

© 

PM 

PM 

PM 

© 

Pm 

PM 

© 

>-N 

© 

*3 

© 

© 

pm 

pm 

PM 

Pm 

c  ° 

—  N 

o 

o 

o 

o 

o 

o 

o 

d 

© 

d 

© 

o 

d 

o 

© 

PM 

d 

d 

o 

o 

© 

d 

o 

o 

© 

d 

d 

© 

o 

o 

o 

© 

© 

O 

© 

© 

d 

© 

© 

o 

o 

© 

© 

© 

© 

© 

© 

o 

d 

O 

d 

O 

d 

o 

d 

0  0 

pm 

o 

vO 

PM 

Pm 

m 

Pm 

© 

m 

m 

© 

© 

S3 

in 

© 

© 

00 

© 

© 

Pm 

in 

in 

© 

© 

© 

PM 

ac 

in 

PM 

in 

pm 

© 

O 

© 

m 

in 

o 

PM 

CO 

o 

© 

in 

in 

CO 

© 

© 

Pm 

ao 

in 

© 

rv 

«— 

*— 

PM 

PM 

PM 

o 

© 

PM 

d 

pC 

rv 

Pm 

cd 

id 

sd 

pc 

cd 

sd 

PM 

PM 

d 

©’ 

in 

© 

o 

sj 

in 

rC 

cd 

CO 

CO 

© 

© 

© 

■c 

<3 

*3 

«3 

S3 

<3 

«3 

<3 

in 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

in 

in 

in 

m 

in 

in 

in 

in 

m 

m 

sr 

c 

S3 

<3 

s3 

S3 

S3 

S3 

«3 

S3 

S3 

<3 

S3 

S3 

«3 

<3 

S3 

S3 

S3 

S3 

<3 

S3 

S3 

S3 

«3 

S3 

O' 

O' 

O' 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

P-M 

Pm 

Pm 

Pm 

PN 

Pm 

Pm 

Pm 

Pm 

PM 

PM 

Pm 

Pm 

Pv 

P. 

Pm 

Pm 

Pm 

Pm 

Pm 

Pm 

Pm 

Pm 

Pm 

Pm 

O' 

O' 

O' 

O' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

C 

© 

© 

*3 

in 

vO 

PM 

S3 

© 

O 

© 

© 

in 

Pm 

P> 

o 

© 

CD 

00 

© 

© 

© 

CO 

in 

© 

m 

© 

CO 

CO 

so 

in 

PM 

© 

© 

© 

*"* 

© 

© 

Pm 

*— 

PM 

Pm 

CO 

© 

© 

•O 

© 

PM 

© 

© 

© 

in 

© 

© 

© 

pm 

pd 

O' 

d 

sd 

d 

d 

© 

cd 

O' 

PM 

o 

© 

© 

d 

Psl 

o 

© 

pd 

© 

S3 

o 

pn 

PM 

© 

© 

S3 

O 

O' 

O' 

CO 

© 

© 

Pm 

m 

pm 

ao 

© 

S3 

Pm 

© 

© 

o 

<3 

m 

© 

Pm 

in 

S3 

© 

© 

© 

© 

© 

© 

o 

O 

© 

© 

© 

© 

© 

© 

CO 

CO 

ao 

CO 

CO 

P 

ao 

© 

CO 

ao 

00 

CO 

CO 

CO 

00 

ao 

00 

00 

CO 

CO 

LU 

PM 

PM 

pm 

PM 

PM 

PM 

PM 

PM 

PM 

- 

- 

* 

pm 

Pm 

Pm 

© 

in 

© 

© 

LPl 

PM 

O 

n 

<x> 

CO 

© 

© 

o 

pm 

M 

© 

© 

© 

© 

© 

© 

© 

o 

© 

© 

PM 

PM 

pm 

O 

O' 

CO 

«o 

© 

«"* 

© 

o 

CO 

© 

S3 

© 

*- 

in 

Pm 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

3 

<J 

cd 

pC 

pc 

rC 

pc 

pc 

PM 

Pm’ 

PM 

© 

sd 

© 

sd 

sd 

«3 

«3 

■3 

n 

in 

m 

in 

in 

in 

in 

in 

in 

in 

in 

in 

a> 

sO 

so 

sO 

sO 

sO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

O 

—j 

- 

- 

— 

«“ 

- 

- 

*- 

•- 

- 

- 

■» 

pm 

PM 

o 

PM 

Psl 

in 

Pm. 

PM 

© 

© 

in 

Pm 

© 

© 

Pm 

P. 

in 

in 

Pm 

© 

© 

Pm 

© 

Pm 

© 

m 

Pm 

CO 

CO 

O 

f— 

PM 

PM 

PM 

© 

m 

© 

Pm 

Pm 

CO 

<o 

© 

© 

© 

© 

© 

Pm 

© 

PM 

S3 

© 

Pm 

© 

«— 

© 

3 

i n 

in 

SO 

sd 

sd 

SO 

sd 

sd 

sd 

© 

sd 

sd 

© 

© 

© 

S3 

S3 

S3 

S3 

<3 

PM 

PM 

PM 

PM 

PM 

PM 

© 

■> 

t; 

*— 

*“ 

*■“ 

*“ 

*- 

*- 

*- 

*- 

•“ 

*- 

S“ 

•“ 

<— 

•— 

*— 

— 

•— 

*— 

*— 

•— 

•— 

S3 

•3 

<3 

<3 

S3 

S3 

S3 

S3 

S3 

S3 

«3 

<3 

S3 

S3 

S3 

S3 

«T 

st 

<3 

«3 

<3 

S3 

S3 

S3 

— < 

© 

m 

© 

m 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

©. 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

C 

o 

st 

lA 

so 

PM 

00 

© 

© 

PM 

© 

S3 

in 

© 

Pm 

CO 

© 

© 

P4 

© 

«3 

u-v 

© 

Pm 

CO 

© 

pm 

o 

O 

O 

O 

© 

o 

O 

• — 

r— 

PM 

PM 

PM 

PM 

PM 

ni 

PM 

Pm 

PM 

© 

© 

*3 

Pm 

P» 

Ps 

PM 

Pm 

P* 

Pm 

PM 

Pm 

Pm 

Pm 

Pm. 

PM 

Pm 

Pm 

Pm 

Pm 

PM 

Pm 

Pm 

PM 

Pm 

Pm 

Pm 

Pm 

PM 

Pm 

1  - 

94 


I 

I 

I 

I 


L 


* 


RfcO)  T£ST  CHfiR' 

NAT.ONAL  BU»C*U  OP  STAND 


TABLE  B-1.  (Contd.) 


T 


NWC  TP  6747 


f 


► 

i 

l 

r 

\ 


U 

C 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

O 

o 

£ 

£ 

IN 

vO 

in 

fN 

fN 

IN 

m 

IN 

m 

IN 

o 

in 

O' 

«— 

<T> 

*7 

in 

<7- 

on 

on 

OO 

vC 

OM 

«7 

CO 

vn 

O' 

fN 

pn 

in 

vO 

«7 

o 

in 

«7 

<7» 

on 

fN 

fN 

ao 

IN 

on 

m 

m 

un 

O' 

O 

IN 

O' 

IN. 

CO 

TD 

£ 

o 

O 

N 

IN 

on 

on 

<7> 

O' 

CT> 

O' 

O' 

O' 

O' 

O' 

o 

O 

O' 

O' 

O' 

Ol 

ItJ 

O 

O 

O 

O 

o 

© 

o 

o 

O 

O 

o 

O 

O 

<7v 

<7\ 

<7v 

O' 

O' 

O' 

O' 

O' 

o 

o 

O' 

O' 

O' 

u 

dr 

o> 

in 

<n 

m 

vn 

in 

in 

in 

n 

in 

in 

in 

in 

in 

<7 

«7 

^7 

<7 

<7 

<T 

<7 

•O’ 

m 

in 

*7 

7T 

«7 

O 

u 

o 

<7 

O) 

<7 

rn 

IN 

T 

o 

IN 

7 

rN 

q 

IN 

q 

o 

q 

in 

<7 

7 

IN 

PM 

OO 

fN 

i"M 

q 

Pn 

*7 

r-r ' 

q 

r— ' 

q 

q 

q 

d 

o 

o 

d 

d 

N 

IN 

q 

q 

q 

q 

q 

q 

o 

q 

o 

d 

q 

q 

q 

q 

iN 

O' 

<7* 

I?' 

O' 

O' 

a> 

O' 

O' 

OI 

03 

CO 

<7> 

CTV 

d 

O' 

oi 

O' 

cn 

O' 

O' 

ao 

cn 

cn 

O' 

O' 

O' 

O' 

ii 

1 

> 

I 

1 

i 

i 

i 

1 

1 

I 

1 

1 

‘ 

i 

1 

i 

i 

i 

i 

O-o 

p*. 

in 

IN 

q 

vo 

in 

q 

m 

o 

7 

IN 

m 

CO 

O 

O 

•— 

00 

PM 

in 

in 

7 

q 

on 

m 

q 

q 

q 

®  q 

vC 

rs! 

CO 

IN 

FN 

IN 

N 

vo 

fN 

vo 

VC 

d 

ao 

oo 

d 

d 

cd 

ad 

q 

q 

vd 

rn 

vd 

vd 

od 

oo 

od 

q 

Oi  01 

IN 

O' 

<n 

O' 

o> 

<7* 

a> 

a> 

<7* 

<7> 

<T> 

cn 

<7i 

a> 

(TV 

cn 

cn 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

aJ  * 

1 

1 

* 

1 

* 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

a  £ 

6  o 

3  S 

O 

o 

o 

IN 

vc 

IN 

q 

IN 

O' 

O' 

fN 

q 

d 

m 

VC 

o 

d 

q 

d 

ao 

rn 

rn 

on 

o 

7 

CO 

on 

q 

m 

q 

q 

m 

q 

<7 

IN 

cd 

OM 

m 

q 

q 

q 

q 

on 

vc 

q 

<N 

00 

1 

00 

1 

00 

1 

CO 

1 

CO 

1 

s 

1 

00 

i 

03 

1 

CO 

00 

1 

IN 

1 

CO 

l 

00 

CO 

op 

00 

00 

l 

00 

i 

ao 

i 

CO 

Pn 

CO 

CO 

CO 

CO 

CO 

CO 

"ii 

VC 

r* 

vO 

vn 

fN 

iC 

vO 

<T» 

n 

ao 

IN 

<7 

O 

cn 

ao 

00 

00 

00 

rN 

O 

O' 

O' 

00 

O 

00 

<N 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

•N 

OM 

IN 

IN 

00 

on 

IN 

IN 

IN 

IN 

OM 

PM 

q 

IN 

on 

OM 

q 

on 

PM 

c 

o 

o 

i- 

d 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

d 

O 

o 

q 

d 

O 

o 

d 

O 

o 

*  E 

£  2? 

«7 

<7 

m 

IN 

m 

in 

<N 

vO 

in 

7 

m 

00 

ao 

<7i 

cn 

oo 

oo 

ao 

00 

fN 

O' 

CO 

p^ 

cn 

03 

fN 

in 

o  ai 

c  <*• 

~  c 

3  o 
O  ** 

IN 

o 

IN 

o 

IN 

d 

IN 

o 

IN 

o 

IN 

o 

IN 

O 

IN 

o 

<N 

o 

IN 

d 

0M 

6 

IN 

o 

IN 

o 

IN 

o 

0M 

o 

IN 

o 

OM 

o 

IN 

o 

(N 

O 

IN 

o 

OM 

o 

IN 

d 

IN 

d 

IN 

d 

PM 

o 

OM 

d 

IN 

d 

3" 

or 

f— 

IN 

m 

on 

m 

m 

•7 

on 

IN 

<7 

< 

_ 

VO 

o 

o 

§ 

o 

o 

o 

7 

o 

o 

on 

on 

c  § 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

in 

o 

o 

o 

o 

o 

a 

q 

o 

o 

o 

o 

O 

o 

d 

o 

o 

d 

o 

o 

d 

o 

o 

o 

o 

o 

o 

d 

d 

o 

o 

d 

o 

o 

q 

o 

d 

d 

o 

d 

d 

ON 

in 

<7 

IN 

VC 

fN 

o 

IN 

fN 

C7> 

IN 

o 

on 

O' 

vC 

oo 

7 

O' 

on 

O' 

in 

on 

OM 

o 

IN 

in 

o\ 

rn 

«- 

o 

IN 

in 

q 

IN 

«— 

q 

*- 

q 

fN 

in 

«*» 

fN 

q 

Pn 

vO 

q 

in 

> 

T5 

cn 

d 

d 

d 

d 

d 

q 

d 

ad 

fN 

on 

IN 

q 

d 

q 

q 

q 

q 

q 

m 

rn 

q 

q 

q 

q 

q 

q 

O' 

in 

in 

in 

in 

in 

vn 

VC 

n 

in 

in 

in 

VO 

vC 

iC 

vo 

vC 

vC 

vO 

vo 

vO 

vo 

vo 

VO 

VO 

VO 

vC 

vc 

<7 

«T 

c 

«7 

<7 

<7 

«7 

«T 

<7 

<7 

7 

7 

*7 

*7 

^7 

<7 

*7 

"7 

<7 

<7 

7 

7 

£ 

<7* 

O' 

O' 

a> 

m 

a» 

av 

cn 

O' 

<7* 

<7> 

<7v 

01 

O' 

O' 

<T> 

O' 

O' 

cn 

O' 

cn 

O' 

O' 

cn 

O' 

a 

fN 

fN 

r*> 

rN 

rv 

rv 

fN 

IN 

fN 

fN 

fN 

fN 

N. 

PN 

Pn 

fN 

fN 

PN 

IN 

fN 

PN 

fN 

fN 

PN 

oi 

on 

<n 

o> 

o> 

<7> 

av 

m 

O' 

<Ti 

cn 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

c 

o 

<T> 

N 

vC 

IN 

IN 

pv 

O 

m 

00 

IN 

m 

<7 

on 

O' 

vo 

fN 

IN 

ao 

o 

O 

q 

q 

IN 

IN 

CO 

rn 

q 

IN 

q 

q 

O 

q 

q 

q 

fN 

in 

q 

q 

q 

00 

q 

Pv 

<7 

q 

q 

vC 

q 

♦** 

rtj 

o» 

IN 

d 

d 

rn 

d 

o 

IN 

IN 

d 

q 

q 

d 

q 

q 

o 

d 

od 

7 

q 

q 

in 

on 

in 

in 

q 

vd 

> 

on 

m 

*7 

«7 

in 

«7 

VC 

00 

7T 

in 

in 

vo 

VO 

vC 

vc 

in 

vC 

VC 

vo 

fN 

00 

in 

m 

fN 

O' 

& 

00 

00 

ao 

00 

CO 

00 

00 

00 

00 

GO 

o> 

fN 

fN 

fN 

fN 

fN 

fN 

fN 

fN 

PN 

fN 

PN 

Pn 

Pn 

IN 

fN 

fN 

UJ 

" 

« 

Of 

IN 

IN 

IN 

fN 

IN 

IN 

rn 

vn 

o 

o 

o 

vn 

in 

in 

pn 

o 

o 

m 

Pn 

o 

ao 

o 

OO 

o 

IN 

CO 

fN 

TD 

on 

q 

rn 

rn 

rn 

rn 

m 

in 

rN 

q 

•— 

IN 

IN 

rvi 

q 

q 

q 

in 

<7 

m 

*— 

q 

«— 

on 

<7 

vo 

cn 

3 

i/i 

d 

d 

d 

d 

d 

d 

d 

d 

d 

vC 

*7 

7 

d 

d 

on 

rn 

on 

on 

q 

q 

q 

q 

*9 

<r 

*7 

'T- 

5» 

c 

VO 

vO 

vO 

vO 

vO 

iC 

vo 

VO 

vO 

vO 

vO 

vC 

vO 

VO 

vC 

VO 

vc 

vc 

lO 

vO 

lO 

vO 

vO 

vO 

vO 

vO 

o 

— 1 

*~ 

*“ 

*“ 

*“ 

*“ 

*“ 

*“ 

*“ 

f_ 

*“ 

T“ 

*“ 

*” 

•” 

*■“ 

*” 

*“ 

*“ 

00 

on 

m 

O 

CO 

m 

IN 

in 

on 

on 

on 

IN 

m 

00 

ao 

in 

O 

m 

o 

00 

fN 

OO 

fN 

ao 

in 

OM 

in 

“O 

q 

00 

o 

q 

rn 

n 

q 

q 

q 

q 

o 

q 

q 

q 

q 

q 

<7 

<7 

q 

*— 

q 

fN 

q 

m 

q 

m 

3 

on 

rn 

rn 

«r 

d 

d 

«7 

on 

rn 

rn 

on 

on 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

q 

r_’ 

**■ 

*■“ 

•“ 

»- 

<- 

«“ 

*— 

•— 

*“ 

•— 

•*- 

•— 

r- 

»— 

•— 

u 

<7 

<7 

tt 

<7 

^7 

<7 

<7 

<7 

7 

<7 

<7 

^7 

<7 

<7 

«7 

7 

*7 

7 

<7 

<7 

<7 

<7 

-J 

m 

m 

on 

m 

m 

m 

m 

on 

m 

m 

on 

m 

m 

m 

m 

on 

on 

on 

on 

m 

on 

on 

on 

on 

on 

on 

on 

c 

o 

*7 

in 

vc 

pn 

00 

cr> 

O 

IN 

on 

<7 

in 

vC 

r>» 

00 

O' 

o 

IN 

on 

«7 

in 

vO 

fN 

oo 

O' 

o 

9 

on 

on 

on 

m 

on 

m 

«7 

7 

7 

7 

7f 

«7 

<r 

<7 

*7 

*7 

in 

in 

in 

in 

m 

in 

m 

in 

in 

in 

vC 

It 

N 

fN 

r*» 

fN 

fN 

fN 

fN 

pv 

fN 

IN 

fN 

fN 

fN 

fN 

PN 

PN 

fN 

fN 

Pn 

fN 

PN 

PN 

fN 

PN 

fN 

fN 

Pn 

in 

95 


k 


* 


a  Latitude  and  longitude  from  state-plane  coordinates.  AK  Zone  10 
b  Drift-corrected  observed  gravity 
<  Terrain  correction 

d  Bouguer  anomalies  use  the  1967  formula  for  latitude  corrections 
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Appendix  C 

PRINCIPAL  GRAVITY  AND  MAGNETIC  DATA, 
LAVIC  LAKE 


Table  C-t  presents  the  principal  gravity  and  magnetic  data  gathered  from  the  Lavic 
Lake  area  at  MCAGCC,  Twentynine  Palms.  Total  amounts  listed  under  the  terrain  cor¬ 
rection  heading  may  not  equal  the  sum  of  the  inner  zone  and  outer  zone  terrain  corrections 

because  of  rounding. 
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TABLE  C-1 .  Principal  Gravity  and  Magnetic  Data,  Lavic  Lake. 
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